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Summary 
The aims of this work were to synthesize a series of linear metal complexes and to 
examine their second-order and third-order nonlinear optical (NLO) properties. 
Chapter 1 covers a discussion about the theoretical background of NLO properties, 
some of the experimental techniques used to measure these properties and highlighting 
the important structural trends related to NLO in metal acetylides from previous works. 
Chapter 2 is concerned with the synthesis of a series of ruthenium acetylide complexes 
varying in bridge composition by replacement of yne with E-ene linkages, together with 
their cyclic voltammetric data, linear optical, and quadratic nonlinear optical response 
data. RuII/III oxidation potentials increase on replacing yne linkage by E-ene linkage at 
the phenylene adjacent to the metal centre, and on replacing dppe by dppm co-ligands. 
The low-energy optical absorption maxima occur in the region 20400-23300 cm"' and are 
MLCT in origin; these bands undergo a blue-shift upon jr-bridge lengthening by addition 
of phenyleneethynylene units, and on replacing E-ene linkages by yne linkages. Time-
dependent density functional theory calculations on model complexes have suggested 
assignments for the low-energy bands. The optical spectra of selected oxidized species 
contain low-energy LMCT bands centered in the region 9760-11800 cm"'. Quadratic 
molecular nonlinearities from hyper-Rayleigh scattering (HRS) studies at 1064 nm reveal 
an increase in two-level corrected (3Q value on jr-bridge lengthening, a trend that is not 
seen with (3 values due to the blue shift in Xmax for this structural modification. 
Replacing an yne linkage by £-ene linkage at the phenylene adjacent to the metal centre 
or dppm co-ligand by dppe results in an increase in |3 and |3Q values. In contrast, quadratic 
molecular nonlinearities by HRS at 1300 nm does not afford clear trends. 
IV 
Chapter 3 contains the synthesis of a series of alkynylruthenium complexes with the 
donor-jt-bridge-acceptor formulation that affords efficient quadratic and cubic NLO 
compounds. The electrochemical properties of these complexes and related complexes 
with shorter Jt-bridge ligands were assessed by cyclic voltammetry, and the linear optical, 
quadratic nonlinear optical, and cubic nonlinear optical properties were assayed by UV-
vis-NIR spectroscopy, hyper-Rayleigh scattering studies at 1064 nm and 1300 nm, and 
broad spectral range Z-scan studies, respectively. The RuH/^H oxidation potentials and 
wavelength of the optical absorption maxima decrease on Jt-bridge lengthening, until the 
tri(phenyleneethynylene) complex is reached, further chain lengthening leaving these 
parameters invariant. The quadratic nonlinearity PjQg^  and two-photon absorption cross-
section reach maximal values at this same Jt-bridge length, a similar saturation behavior 
that may reflect a common importance of ruthenium-to-alkynyl ligand charge-transfer to 
electronic and optical effects in these molecules. 
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1.1. Introduction 
Optical nonlinear properties ( N L O ) result from the interaction of electromagnetic fields 
(light) with matter. Materials that possess N L O properties change the properties of 
applied electromagnetic fields, generating new field components differing in frequency, 
phase, amplitude, polarization, path...etc to the applied field. The importance of these 
materials stems from their potential technological applications in optical signal 
processing, switching, frequency generation, optical communication, data storage and 
image processing. 
Most N L O materials currently in use are inorganic salts such as LiNbOa and KH2PO4 
( K D P ) or glasses (e.g. silica, chalcogenides, and fluorides). Inorganic salts dominate in 
frequency mixing or electro optic modulation applications, while glasses are used for 
third-order nonlinear optics. N L O effects of a purely electronic nature in inorganic salts 
are accompanied by those arising from lattice distortions. The wide transparency range, 
low optical losses, ease o f fabrication of crystals and high optical damage thresholds are 
major advantages o f inorganic materials. Their disadvantages are their slow response 
times (because o f the aforementioned lattice distortions) difficulty of fabrication and 
limited structural diversity. ' 
Semiconductors (e.g. gallium arsenide, cadmium sulfide) possess third order N L O 
responses that arise from saturable absorption. However, N L O effects of these systems 
can be comparatively slow because the N L O effects result from resonant interactions. 
Some semiconductors have relatively large non-resonant nonlinearities but they have 
limited architectural flexibility. 
The shortcomings o f inorganic salts and semiconductors mentioned above prompted 
studies o f organic materials and oganometallic complexes. Donor-acceptor organic 
molecules have been investigated for their optical nonlinearities. In organic materials, the 
N L O responses are purely electronic in nature. The advantages o f these materials are that 
their optical damage threshold is higher than that of inorganic salts, their ease of 
fabrication, structural diversity and architectural flexibility. In addition, they can be used 
in many forms, either as solutions, or crystals, in polymers or in guest-host systems. On 
the other hand, their low-lying electronic transitions in the UV-visible region resuh in a 
trade-off between nonlinear efficiency and optical transparency (even if they improve the 
NLO efficiency of the molecules). Other disadvantages are poor thermal stability and 
facile relaxation of the chromophores to random orientation in poled guest-host systems.^' 
Like organic molecules, organometallic complexes possess large NLO responses, fast 
response times, and ease of fabrication and integration into composites. However, the 
organometallic materials have greater design flexibility. This flexibility arises from the 
possibility of using a wide range of metals with different oxidation states, a diversity of 
ligands, the possibility of using mixed-metal systems, and of using metals to stabilize 
unstable organic fragments (e.g. vinylidenes). Also, organometallic complexes can be 
incorporated into polymers either directly into the polymer backbone or as part of the side 
chains. All these possibilities permit molecular modification in ways not possible with 
organic molecules. 
1.2. Back^round^'^ 
1.2.1. NLO Theory 
As mentioned above, N L O behaviour arises from interaction of strong electromagnetic 
fields with matter. When a local electric field Eioc acts upon a molecule, it distorts the 
electron density distribution p(r) in a molecule. Such an effect can be described in terms 
of changes in the dipole moment If the changes in the dipole moment are induced by a 
weak field, the response will be linear, but in cases when Eioc is comparable in strength to 
the internal electric fields within the molecule, the change in electron density and the 
dipole moment should be treated as nonlinear functions of the field strength, usually 
being presented as a power series: 
^ = t^o + aEioc + PEiocEloc+ yElocEloc Eioc + •. • ( 1 ) 
where |io is the static dipole moment, a is the linear polarizability, (3 is the second-order 
or quadratic hyperpolarizability, and y is the third-order or cubic hyperpolarizability. 
Both and Eioc are vectors, so the relationship between the three Cartesian components 
of Eioc and the other three for [x requires nine proportionality factors, and hence a is a 
second-rank tensor (or a 3 x 3 matrix). In the same way, (3 is a third-rank tensor ( 3 x 3 x 3 
matrix), and y is a fourth-rank tensor ( 3 x 3 x 3 x 3 matrix). Many components of a , (3 
and y are equivalent by various symmetry rules or equal to zero; their number can be 
reduced using permutation symmetry and the invariance of polarizabilities with respect to 
all point group symmetry operations. This is important when considering (3 because all 
components of (3 must vanish in centrosymmetric point groups. 
The electric field of a light wave can be expressed as: 
E(t) = Eo cos(oot) = '/2Eo[exp(ia)t) + exp(-icjot)] (2) 
So Eq. (1) can be rewritten as: 
[I(t) = + aEoCos(cot) + |3Eo^cos^(a)t) + yEo^cos^Coot) + .. . 
H(t) = ^o + 1/2 aEoexp(i(ot) + 1/2 pEo^ + 1/4 (3Eo^exp(2ioot) + 
3/8 YEo^exp(icjot) + 1/8 yEo^expCSicot) + cc + . . . (3) 
where cc stands for complex conjugate terms. It is clear from the above equation that the 
the nonlinear terms in the dipole moment expansion result in contributions at different 
frequencies: the second-order ((3) term introduces a time-independent (dc) contribution in 
addition to one at a frequency of 2(x) (the second-harmonic generation component). The 
quadratic term provides a frequency-mixing phenomenon if a sum of the input field is 
equal to the sum of two components with different frequencies. It is also readily apparent 
that a constant (dc) field may influence an oscillating field if the two are combined in a 
medium containing second-order nonlinear molecules (this is called the linear electro-
optic or Pockels effect). The cubic term in Eq. (1) results in various nonlinear optical 
effects, one being oscillation of the induced dipoles at 3co (third-harmonic geneation). 
Eq. (1) is not suitable for optical fields because they are rapidly varying in time. For 
linear polarization, the oscillation of the induced dipole may be damped (by material 
resonances) and phase shifted with respect to the oscillation of the external electric field. 
This is usually expressed by considering the relationship between the Fourier components 
of the induced effect (oscillafion of the induced dipole) and the stimulus (the electric 
field), with the damping and phase shift expressed by treating the terms involved as 
complex. The linear polarizability can then be written as: 
A^<'V>) = a M E ( a ) ) (4) 
where a(co) is complex, E(co) is the Fourier amplitude of the field at frequency oo and 
Ajj.'''(co) is the linear component of the oscillation of the dipole at the same frequency. 
Dispersion of a (the frequency dependence of the linear polarizability) shows rapid 
changes of the real part of a and enhanced values of the imaginary part of a near to the 
resonance frequencies of the molecule. 
In the same way, frequency-dependent hyperpolarizabilities can be explained as complex 
quantities by considering the relations between the nonlinear (quadratic and cubic) 
components of the induced dipole moment oscillations at particular frequencies. One 
complication being that more than a single field frequency is usually involved. The usual 
notation is: 
= (3(-co3;(Oi,a)2)E(oa,)E(a)2) (5) 
and: 
-co4;coi,co2,a)3)E(u)i)E(co2)E(a)3) (6) 
for the quadratic and cubic NLO effects, respectively. The first frequency in the brackets 
describing the frequency dependence of the hyperpolarizability refers to the output 
frequency and remaining frequencies are those of the input fields. Positive and negative 
signs of the frequencies can occur, depending on the type of interaction; for example, the 
|3 responsible for second-harmonic generation is represented as P(-2(x);(ja,(ja) whereas (3 for 
optical rectification is written as | 3 ( 0 ; - C O , ( J O ) . Resonant behaviour of the hyperpolarizability 
(a rapidly changing real part and enhanced imaginary part) is expected not only when one 
of the frequencies in (3(-co3;co 1,002) or Y(-tO4;(j0i,002,0)3) approaches a resonance but also for 
some combination of the input frequencies being close to a resonance. 
The description of N L O responses at the molecular (microscopic) level presented above 
can be extended to the bulk materials (macroscopic) level. So, Eq (1) can be rewritten on 
the macroscopic level as: 
P = + + (7) 
where x ' ' ' is the first susceptibility, x^ ^^  is the second susceptibility, and x^^' is the third 
susceptibility. Bulk materials can be treated as the sum of the contribution of individual 
molecules, after making allowance for molecular orientation. 
1.2.2. Nonlinear Optical Processes 
Molecules that possess second-order nonlinearities can be used for frequency mixing. 
There are a number of possible processes that have specific technological applications 
and have attracted significant interest. Firstly, second-harmonic generation, i.e. the co + co 
^ 2co process, involves doubling the energy of photons (e.g. to convert infrared into 
visible). Secondly, the linear electro-optic effect (Pockels effect), i.e. the co + 0 ^ co 
process, is usually used to modulate the phase or amplitude of a light wave (to make it 
carry information). Last, but not least, parametric generation, i.e. the co coi + CO2, 
involves splitting an energetic photon into a sum of two less energetic ones (a common 
way of generating laser beams at tunable wavelengths). 
Third-order nonlinear molecules derive their importance from other technological 
applications, namely, their value as tools for nonlinear spectroscopy, and optical power 
limiting (e.g. protection of sensors from laser pulses). 
1.2.3. Unit Systems 
There are two systems commonly used to describe NLO properties: the SI (or MKS) 
and Gaussian (or cgs) systems. In the Gaussian system, properties are described in units 
of esu. There is a problem of converting between both systems because not all quantities 
have the same definitions in the different systems. For example, the polarizability a has 
dimensions of length in the Gaussian system (units: cm^) while it has charge length 
potential"' dimensions (units: C m^ V"') in the SI system. As a resuh, care should be taken 
to ensure that not only the units are converted correctly, but that the quantities of interest 
are treated according to their different definitions. 
.3. Experimental Techniques 
NLO measurements have been obtained using a variety of techniques. A brief 
description of the techniques employed in the present work is provided in this section, 
and reference [10] is an excellent source for more detailed information on the NLO 
techniques described. 
1.3.1. Electric-Field-induced Second-harmonic Generation (EFISH) 
EFISH is used to determine the second-order polarizability p of noncentrosymmetric 
molecules by applying an external electric field and measuring the second harmonic of 
laser radiation. A static electric field is applied in a vohage pulse form; this precedes the 
laser pulse, allowing orientation of the molecular dipoles. This leads to distinct effects 
that combine to generate the second harmonic. Firstly, all materials have a third-order 
optical nonlinearity; the component responsible for generation of the second harmonic 
under a dc field is described by The second and most important 
contribution is obtained if the molecules in solution have a non-zero dipole moment and 
non-zero second-order polarizability (3. Dipolar molecules will orient along the direction 
of the field, but thermal motions act against the orientation. The resultant NLO response 
under these conditions depends on the [x.Pvec product, where is the permanent dipole 
moment of the molecule and (Bvec is the vectorial component of the second-order 
hyperpolarizability (the hyperpolarizability (3 is a symmetric third-rank tensor which can 
be treated as being composed of a vector and a septor part). In general, the directions of 
Pvec and do not coincide. The effective hyperpolarizability measured by the EFISH 
technique is defined as PEFISH and given by (i.Pvec = I^  PEFISH- For dipolar molecules 
containing strong electron donor and acceptor groups, (3CT (the hyperpolarizability along 
the charge-transfer axis) usually accounts for most of PEFISH-
A solution of the sample is introduced into a wedge-shaped cell. The cell is translated in 
a direction perpendicular to the incident laser beam, leading to the formation of Maker 
fringes whose periodicity is related to the wedge design and to the coherence length, 
which can therefore be determined. A pure solvent is usually measured in order to 
calibrate the experiment. 
The EFISH third-order macroscopic susceptibility F = co,0) is related to the 
molecular second hyperpolarizability y' by local field factors and the molecule number 
density. (3 can be obtained from the relation / = y + i^Pefish/ (5ktT), where y' is the 
effective second hyperpolarizability, y is the intrinsic second hyperpolarizability 
(consisting of electronic and vibrational parts), h is Boltzmann s constant and T is the 
temperature in K. Comparison against a reference enables T to be determined. In order to 
obtain the i^PEFISH product for a compound, EFISH measurements are usually performed 
in a well-characterized solvent as a function of concentration. A concentration 
dependence study is necessary to resolve ambiguities because the |IPEFISH products for the 
solvent and the solute may be the same or opposite signs and the SHG signal is 
proportional to the square of the EFISH susceptibility. Other quantities that may be 
required for the interpretation of the results are the dielectric constant, the permanent 
dipole moment and the intrinsic second hyperpolarizability of the solute (found from a 
separate experiment or ignored). 
EFISH is restricted to neutral compounds. The presence of ionic species makes it 
impossible to apply high electric fields to a solution. Also, it is impossible to obtain 
EFISH measurements when the complex has no net dipole moment. 
1.3.2. Hyper-Rayleigh Scattering (HRS)" 
This is the most widly-used technique for measuring quadratic nonlinearities of metal 
alkynyl and metal vinylidene complexes, and involves detecting the incoherently 
scattered second-harmonic light (hyper-Rayleigh scattering, HRS) produced from an 
isotropic solution in order to determine the first hyperpolarizability. The orientational 
fluctuations of unsymmetrical molecules in solution cause local asymmetry, giving rise to 
HRS. The scattered light can have a second-harmonic component (related to the first 
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hyperpolarizability of the solute only) and varies quadratically with the incident light 
intensity. By varying the concentration of solute, the second-order NLO coefficient can 
be extracted (the solute concentration is proportional to 
In a typical HRS experiment (Fig 1.1), a pulsed laser beam is tightly focused into the 
HRS cell, the incident power being monitered by a photodiode or energy meter. The 
scattered light is collected using a lens and a concave mirror. The second-harmonic light 
is filtered from the fundamental by interference filters or a monochromator and is 
detected by a photomultiplier tube. Gated or phase-sensitive detection is often used to 
increase the sensitivity and to facilitate separation of second-harmonic from up-
conversion fluorescence while is usually much stronger than the second-harmonic and 
has different temporal characteristics from the true HRS signal. 
Laser 
Fil ter 
B e a m spl i t ter 
X 
Detec to r 
\J 
Lens 
C o n c a v e mirror 
A 
B e a m d u m p 
Col lec t ing lens 
Fil ter 
De tec to r 
F ig 1 ! Schema t i c of the H R S expe r imen t 
HRS has many advantages compared to EFISH: it is simpler, one can measure 
octupolar as well as ionic species, and it is useful for organometallic complexes that 
possess multiple accessible oxidation states. The disadvantage of HRS is the need to use 
high intensities of the fundamental, which often produces stimulated Raman or Brillouin 
scattering, self-focusing, or dielectric breakdown. 
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1.3.3. Z-scan'^ 
This technique has been used to measure the third-order NLO (cubic) responses of 
metal acetylides within our research group. The Z-scan technique involves the 
determination of the nonlinear refractive index intensity n2, and thereby y- ' ' and by 
examining self-focusing or self-defocusing phenomena in the materials. Fig. 1.2 shows a 
simple scheme of this technique, where a single Gaussian laser beam is tightly focused on 
a sample. The transmittance of the material is measured while varying the position of the 
sample with respect to the focal plane. 
At the start of the scan (A), the intensity of the beam is low, and so lensing and 
modification of the absorption are not observed. For higher intensities, the sample acts as 
a thin lens, due to the fact that the refractive index in the sample varies as n = no + 
n2l(r,z), where I(r,z) is the intensity. At (B), the sample approaches the focal plane and 
the beam is more focused, leading to reduced transmittance through the aperture. At the 
focal plane itself (C) there is no change in the focusing or the transmittance and at point 
12 
(D) the effect is the reverse to that at (B) so that the focusing decreases and the 
transmittance increases. 
The shape of the Z-scan curve can be modified if nonlinear transmission (absorption 
bleaching) or nonlinear absorption occurs. The curve is then unsymmetrical due to 
increased transmission (absorption) close to the focal plane. The nonlinear absorption or 
transmission can be determined by analyzing the shape of the curve. Alternatively, 
experiments can be performed without an aperture to measure the total intensity of the 
transmitted beam (called an open-aperture Z-scan experiment, and treated as a function of 
sample position with respect to the focal plane). This technique is usually used to study 
materials with potential optical limiting properties. For solutions, varying the sample 
concentration is used to determine the nonlinearity changes. 
There are many advantages of the Z-scan technique: one can quickly determine the sign 
and magnitude of the nonlinear refractive index, both the imaginary and real parts of 
are obtained, and the single-beam configuration is simple. The major problem with this 
technique is the uncertainty about the origin of the NLO effects as distinguishing thermal 
effects, photochemical changes and other cumulative effects from the third-order NLO 
changes due to the sample itself is difficult. 
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1.4. Second-Order Nonlinear Merit 
The designing and preparation of new materials that possess second-order NLO 
properties has attracted a significant interest. One of the most promising organometallic 
systems that show reasonable quadratic NLO merits are transition metal acetylide 
complexes. The main advantages of metal acetylide complexes are: ease of preparation 
on a large scale and architectural flexibility with regards to the nature of the coligands, 
metals and oxidation states, additional to their high NLO response, and initial work has 
concentrated on understanding structure property relationships in order to maximize the 
second-order nonlinearity. It has been established that molecules that have conjugated n 
systems with unsymmetrical charge distribution have large second-order properties. 
Donor-Jt bridge-acceptor systems (Fig 1.3) exhibit the best second-order nonlinearities 
where NLO response can be enhanced by increasing the conjugated bridge length 
(increasing delocalisation) or by increasing the donating and acceptor strength (upholding 
asymmetry) of the system. 
C o n j u g a t e d Br idge (pheny la lkyny l s ) 
Fig 1.3 
Acetylide complexes of group 8, 10, and 11 metals have been assessed for quadratic 
NLO merits; the results of these studies are collected in Figure 1.4 and Tables 1.2 to 1.8. 
It is important to mention that caution should be taken in comparing results from different 
laboratories. For example, [Fe(C=CC6H4-4-N02)(dppe)(r|^-C5H5)] measured using a 
wavelength of 498 nm in THF give a (3 value of 665x10'^° esu and the two-level 
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corrected (3 value ((3o) of 64x10"^° esu, whereas the same complex measured at 504 nm in 
chloroform gave p of 1160x10"^" esu and po of 92x10"^° esu; so measurements are 
sensitive to the wavelength and solvents used.'^'*'* The two-level corrected |3 (po) values 
were obtained by the following equation: 
P o = P [1 - - (8) 
where A-max is the optical absorption maximum and X is the fundamental wavelength of the 
laser but it was found that the two-level model lacks applicability because the value of Po 
varies when a compound has measured using different wavelengths (Table 1.1). 
(nm) 
(i 
(IO'°esu) 
Pn 
(10'°esu) 
Technique Solvent 
Fund, 
(nm) 
Ref. 
|Fe(C.CC„H4-4-N02){dppe)(Ti'-C5H5)] 498 665 64 HRS THF 1.064 u 
504 1160 92 HRS CHCI, 1 064 
14 
[Ru(C=CC,H,-4-(A>CH=CHC„H,-4-N02)(dppe)(ii'-CiH5)] 476 1455 232 HRS THF 1.064 
15,16 
476 1464 234 EFISH THF 1.064 
15.16 
484 2270 310 HRS CHCI, 1.064 
14 
478 186 105 HRS CH2CI2 1.560 
17 
Table 1.1 
The relationship between hyperpolarizabilities and linear optical absorption bands can 
be described by perturbation theory: 
P = 3 ( ^ e e - ^ g g ) ( l i ' g e / E V ) ( 9 ) 
Y « (-^^V E\e) + (^ '^ge l^ 'ee- / E'ge Ege') + [ '^ge (^ee " ^gg)' / E'ge] (10) 
.2 . .2 / c-Z 2 / r:3 
where j^ igg is the ground state dipole moment, Hee is the excited state dipole moment, jiee-
and |ige are transition dipole moments, and Ege and Egg' are optical absorption energies. 
15 
This relationship provides a useful indication of factors affecting NLO merit that can be 
helpful in directing chemical synthesis. 
A summary of metal acetylide structures and trends in related N L O activity has been 
reviewed and follows. 
1.4.1. Studies on Donor Groups (Metal Centres) 
Analysis of available second-order nonlinear data has allowed us to discover the effect 
of varying the transition metal centre. A number of complexes have been reported, some 
are listed in Table 1.2 together with the associated p and Po values. 
Studies comparing the effect of changing the transition metal centre through the group 
8 metals iron, ruthenium and osmium are inconclusive, with results for 
M(C=CC6H4N02)(phosphine)Cp system suggesting an increase on moving down the 
g r o u p , a n d those on MCl(C=CC6H4N02)(phosphine)2 showing an opposite 
t r e n d . T h i s inconsistency in the results makes the trend associated with changing the 
metal centre within one group unclear and more studies are required. Moving across 
groups results in a change in electron density and ease of oxidation, and a comparison of 
the second-order N L O values of related complexes from group 8 
[Ru(C=CC6H4N02)(PPh3)2Cp], group 10 [Ni(CaCC6H4N02)(PPh3)Cp], and group 11 
[Au(C=CC6H4N02)(PPh3)] show an increase in (3 from gold to nickel to ruthenium. 
Although ruthenium and nickel each have 18 electrons, the ruthenium can be easily 
oxidized and is thus a better donor; gold, with only 14 electrons, is less oxidisable than 
either ruthenium or nickel.^® 
16 
Complexes ^max 
(nm) 
P 
(lO' '" esu) 
Po 
(10 '° esu) 
Tech. Solvent 
Fund, 
(fxm) 
Ref. 
' .PPhp 
-NO2 
' ,PPhj 
Ph^p 
( ^ P P . , 
Q 
MePhP^  P^PhMe 
MePhp'' 
MePhP. .PPhMe CI - R u - ^ f NO2 MePhP VPhMe 
MePhfi, .PPhMe CI ^ O s ^ — ( 7—NO2 MePhP "PPhMe \ = / 
Ph3P-t-
PhjP 
PhaP-
PhsP—Au-
NO, 
-NO, 
498 
447 
461 
543 
467 
326 
460 
368 
338 
665 
664 
929 
440 
530 
68 
468 
221 
22 
64 
161 
14 
97 
38 
96 
59 
12 
HRS 
HRS 
HRS 
HRS 
HRS 
HRS 
HRS 
HRS 
HRS 
THF 
THF 
THF 
THF 
THF 
THF 
THF 
THF 
THF 
1.064 
1.064 
1.064 
1.064 
1.064 
1.064 
1.064 
1.064 
1.064 
T a b l e 1.2 
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Complexes 
^max 
(nm) 
P 
(10"'" esu) 
Po 
(10 '° esu) 
Tech. Solvent 
Fund. 
Ref. 
o c 
370 49 22 HRS THF 1.064 13 
PhjP 
498 665 64 HRS THF 1.064 13 
MejP 
477 248 39 HRS THF 1.064 15,16 
PhaP 
460 468 96 HRS THF 1.064 15,16 
P h s P - ^ 
PhjP 
476 746 119 HRS DCM 1.064 15.18 
Table 1.3 
Changing the co-ligands in organometallic systems also intluences the NLO merit. 
Systematic investigations have been carried out in order to understand the effect of the 
co-ligands and many complexes have been synthesised (some are shown in Table 1.3). 
Replacement of an electron donating ligand such as phosphine or diphosphine, with 
relatively strongly electron-withdrawing groups such as carbonyl ligands, results in a 
significant reduction of second-order NLO.'^ '^ Other reports have found that the length 
of the Jt-system is more important than the donating strength of the co-ligand. A 
comparison between triphenylphosphine (PPhs) and more strongly donating 
trimethylphosphine (PMes) shows that PPhs enhances the NLO merit to a greater degree 
than PMes by increasing Jt-electron delocalisation possibilities.'^''^ Similarly, studies in 
which the cyclopentadienyl ligand is replaced by an indenyl group show a resulting 
increase in the quadratic nonlinearity due to the better Jt-electron delocalisation in the 
more extensively conjugated indenyl group. 
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1.4.2. Studies on Acceptor Groups 
In organic systems, an increase in the charge acceptor strength results in an increased 
nonlinear response; organometallic molecules follow the same trend, for example a study 
comparing Ru(C=CC6H4R)Cl(dppm) where R= -H, -CHO, and -NO2 shows a 
dramatic increase in po on going to the better electron acceptor substitution to acetylide 
group (Table 1 
Complexes 
^max 
(nm) 
P 
(lO '" esu) 
Po 
(lO " esu) 
Tech. Solvent 
Fund, 
(urn) 
Ref. 
PhjF^^PPhj 
308 20 12 HRS THF K064 26 
C I ^ R u - ^ ^ ^ — C H O 405 106 38 HRS THF 1.064 27 
PhzP^Jf-P^ 
C I R u - S ^ — N O 2 
Ptl2P^PPh2 
473 767 129 HRS THF 1.064 26 
C I R u ^ f \ 321 58 34 HRS DCM 1.064 25 
Table 1.4 
Other reports found that electron-withdrawing groups are more efficient (from a 
nonlinearity aspect) when they interact with the charge-transfer system directly. One 
example is changing the position of the acceptor group from the para-position in a phenyl 
ring to the meta-position, leading to a decrease in the NLO response.^^ 
Binuclear metallic species where electronic coupling between the donor and acceptor 
can be established have also been studied; some complexes are shown in Table 1.5 
together with their relevant NLO data. The addition of a metal centre to a cyanophenyl-
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or pyridyl- terminated acetylide ligand has been found to increase the nonhnearity, 
possibly due to the metal acting as an inductive acceptor and lowering the energy of the 
pyridyl-centered or cyano-centred LUMO; the pyridyl ring or cyano group itself remain 
the effective molecular acceptor. In short, the effect of adding a second metal can be 
related to the different a effectiveness of the attached metal groups. The higher 
nonlinearity values for tungsten-containing complexes compared to the chromium 
analogues are due to the greater electron density on W by the Jt-back donation from the 
C O g r o u p s . ' ^ ' ^ ' " 
C o m p l e x e s 
^-max 
( n m ) 
P 
(lO '" esu) 
P„ 
(10 '° esu) 
T e c h . S o l v e n t 
F u n d , 
( (xm) 
R e f . 
PhjP^^ i 
399 100 37 HRS DCM 1.064 15,18,19 
P h j P 
Cjp) 
R u — ^ — y \ / 
Ph jP 
451 260 60 HRS DCM 1.064 15,18,19 
PUjP*^/ 
462 535 71 HRS DCM 1.064 15,18,19 
-
phjp^. 
phjP 
427 238 71 HRS DCM 1.064 15,18,19 
y (^^^^CaN ..Cr(CO)5 
PhjP^^^" 
Pr.3P 
442 465 119 HRS DCM 1.064 15.18,19 
(~~)-C=N-W(CO), 
PhjP 
456 700 150 HRS DCM 1.064 15,18.19 
Table 1.5 
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1.4.3. The Ji-Bridge 
The effect of electron distribution across the bridge on second-order NLO has also been 
investigated; some of the trends will be highlighted in the examples shown in Tables (1.6 
-1.8) and in Fig 1.4. 
Complexes 
^ a x 
(nm) 
P 
esu) 
(lO" 
esu) 
Tech. Solvent 
Fund, 
(fxm) Ref. 
P h j P — A u 
P h , P — A u 
PhjP—Au 
338 
3 5 0 
362 
386 
362 
392 
398 
22 
39 
59 
120 
58 
85 
180 
12 
20 
2 8 
49 
28 
34 
68 
HRS 
HRS 
HRS 
HRS 
HRS 
HRS 
HRS 
THF 
THF 
THF 
THF 
THF 
THF 
THF 
1.064 
1,064 
1.064 
1.064 
1.064 
1.064 
1,064 
Table 1.6 
The linear optical absorption bands for gold complexes are far removed from the 
second harmonic frequency, so extraction of structure property relationships is more 
reliable.^^ The (3-values for the series shown in Table 1.6 increased according to: [C6H4< 
C6H4-C6H4 < C6H4C^CC6H4 » rz;C6H4CH=CHC6H4 < r£;C6H4N=CHC6H4< r£;C6H4C=CC6H4 < 
(E)CbWi, C=CC6H4] ie. a bridge containing two phenyl rings linked with ethynyl linkage 
results in a higher second-order nonlinearity than a biphenyl bridge, which in turn is 
better than a phenyl bridge. This sequence can be rationalized by considering Jt-bridge 
lengthening and torsion effects at the biphenyl linkage.^^ Replacing an - y n e linkage with 
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an - e n e linkage afforded no difference in the case of the Z-isomer but led to a doubling in 
the nonlinearity values for the ^-isomer. This can be explained from a combination of 
greater dipole moment and more intense optical transition in the The 
mismatch between sp and sp^ orbitals is the reason of why generally (£)-X=CH is better 
than C=C where X = C, N. The significant difference between the - e n e and imine 
linkages is due to the strength of the MLCT optical transition, where the - e n e containing 
complex has an oscillator strength for this transition which is twice that of the - imine 
containing complex. If the assumption of similarity between both complexes in excited-
state dipole were correct, the differences would arise largely from differences in oscillator 
strength for the dominant t r a n s i t i o n . U n l i k e the organic systems, the azo linkage is as 
efficient as the - e n e linkage in organometallic materials.^^ 
Table 1.7 shows a series of ruthenium complexes prepared in order to examine the 
impact of chain length on quadratic nonlinear response. Increasing the chain length from 
one phenyl ring to two results a slight increase in |3 and |3o while a significant increase is 
observed when the chain length was increased from two units to three. 
Complexes 
^ a x 
(nm) 
P 
(lO-'" 
e s u ) 
Po 
(io-'° 
e s u ) 
Tech. Solvent 
Fund, 
( u r n ) 
Ref. 
P h j P ^ ^ ^ P P h j , 
C I — R u — = ^ / NOj 473 767 129 HRS THF 1.064 26 
P f j R ^ ^ . P P h j 
C I — R i ) — ^ \ 468 833 161 HRS THF L064 27 
C I — R i i ' — ^ i ~y O C^- 439 1379 365 HRS THF 1.064 27 
Table 1.7 
Ease of delocalization is enhanced upon replacing phenyl rings with heterocyclic rings 
due to lower aromatic stabilization energies (benzene, 150; pyridine, 117; thiophene, 122 
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KJ.mole"'); so, it should thus be energetically easier to access the important charge-
separated excited state which contributes to the noniinearity.^'*'^'^ 
Complexes 
^max 
(nm) 
P 
(10 " esu) 
Po 
(10 '° esu) 
Tech, Solvent 
Fund, 
(nm) 
Ref. 
307 24 15 HRS THF 1.064 26 
415 25 8 HRS THF 1.064 26 
439 221 59 HRS THF 1.064 26 
N i — = — ^ ^ N 0 2 
PhjP 
456 186 41 HRS THF 1.064 26 
^ 
PhaP-q^ = \ /-NO2 
PhjP 
460 468 96 HRS THF 1.064 26 
PhjF^ 
468 622 113 HRS THF 1.064 26 
339 38 20 HRS THF 1.064 26 
PhjP-Au = 338 22 12 HRS THF 1.064 26 
Table 1.8 
A series of mono, di- and tri-nuclear metallic species were synthesised^' in order to 
investigate the importance of asymmetry. Compound 1 in Fig 1.4 shows a weak NLO 
response; compound 2 and 3 have greater NLO responses with a small loss in optical 
transparency. The enhancement of the NLO response is similar for both, but the origin 
differs. The dipole moment of compound 2 is enhanced by the 1,3-connection of the two 
metal centres, whereas for compound 3, the enhancement arises from octupolar 
distribution. 29 
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Fe] 
[Fe]-
\ / 
p-52xl(r" 'esu 
|5„= 24x10^ "^ csu 
(i =80x10-'"csu Kf 
P =210x10-'csu 
98x10"'csu 
P =- 150xl0'"'esu 
B ~2()0xH)"'"e,su 
M' 
M 
p = 175x10'^° esu 
Po = 87x10-^° esu 
p = 190x10"'" esu 
p = 170x10"'° esu 
p =53x10-'° esu 
[Fe]-
\ / 
p = 1 86x 10"esu 
60x I ()'•" esu 
(5 =400x10-"'esu 
(5 =200x10'%su 
-[Fe] 
Nr 
Fig 1.4 [Fe] = Fe(dppe)Cp 
Surprisingly, compound 4 exhibits NLO activity twice that of 1. This behaviour was 
unexpected for a symmetrical molecule and may result from a combination of non-
negligible two-photon fluorescence emission with second harmonic generation. 
24 
1.5. Outlook 
The studies summarized in this chapter have presented the previously reported 
structure/NLO property relationships for metal acetylide systems. The proposed studies 
for this work will extend these observations in several ways. In Chapter 2 the effect of 
replacing ethynyl linkages by ethenyl linkages in other sites on the aryleneethynylene 
chain, and incorporation of more than one ethenyl linkage have been studied. In Chapter 
3 the effect of extending the chain length further (more than three aryleneethynylene 
units) has been examined. Preliminary studies have shown a dramatic decrease in 
solubility on chain lengthening, so this work has focused on maintaining the solubility 
while extending the chain length. 
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2.1. Introduction 
We have reported in Chapter 1 selected structure-quadratic NLO activity studies for 
organometaUic (and particularly metal alkynyl) complexes. Almost all complexes that 
have been studied thus far incorporate Jt-bridge units containing one or two phenyl rings 
coupled together in various ways. The effect of Jt-bridge lengthening in proceeding from 
/ram-[Ru(4-C=CC6H4N02)Cl(dppm)2] to ?ra«^-[Ru(4,4'-
C=CC6H4C=CC6H4N02)Cl(dppm)2] and then to /ram-[Ru(4,4' ,4"-C=CC6H4C=C 
C6H4C=CC6H4N02)Cl(dppm)2] was assessed, and an increase in second-order 
nonlinearity was noted [|3io64: 767 to 833 to 1379 esu); po: 129 to 161 to 365 (10"^" 
esu)].^ The last-mentioned is the only complex studied thus far containing a bridging 
ligand consisting of three phenyl rings, in this case, coupled by ethynyl linkages. We 
report herein several new alkynyl ligands corresponding to either specific or wholesale 
replacement of the arene-linking ethynyl units in 4 ,4 ' ,4"-
HC=CC6H4C=CC6H4C=CC6H4N02 by f-ethenyl groups, the corresponding ruthenium 
alkynyl complex derivatives, assessment of the impact of these structural modifications 
on electronic, linear optical, spectroelectrochemical, and quadratic nonlinear optical 
properties, and theoretical studies directed at rationalizing our experimental observations. 
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2.2. Experimental Section 
2.2.1. Methods and Instrumentation 
Microanalyses were carried out at the Australian National University. UV-vis spectra of 
solutions in 1 cm quartz cells were recorded using a Gary 5 spectrophotometer; bands are 
reported as frequency (cm"') [extinction coefficient (lO" M"' cm"')]. Infrared spectra were 
recorded as either KBr discs or dichloromethane solutions using a Perkin-Elmer System 
2000 FT-IR; peaks are reported in cm"'. 'H (300 MHz), '^C (75 MHz), and ^'P (121 
MHz) N M R spectra were recorded using a Varian Gemini-300 FT NMR spectrometer 
and are referenced to residual chloroform (7.26 ppm), C D C I 3 (77.0 ppm), or external 
H3PO4 (0.0 ppm), respectively; atom labeling follows the numbering scheme in Chart 2.1. 
Electrospray ionization (ESI) mass spectra (MS) were recorded using a 
Micromass/Waters LC-ZMD single quadrupole liquid chromatograph-MS, electron 
impact mass spectra (EI MS) were recorded using a VG Quattro II triple quadrupole MS, 
and high resolution (HR) EI MS were recorded using Fisons 3-Secor VG AuoSpec MS; 
all mass spectrometry peaks are reported as m/z (assignment, relative intensity). Cyclic 
voltammetry measurements were recorded using a MacLab 400 interface and MacLab 
potentiostat from eDAQ Pty Ltd. Measurements were carried out at room temperature 
using Pt disc working-, Pt wire auxiliary-, and Ag/AgCl reference electrodes, such that 
the ferrocene/ferrocenium redox couple was located at 0.56 V (peak separation ca 0.09 
V). Scan rates were typically 100 mV s"'. Electrochemical solutions contained 0.1 M 
(NBU"4)PF6 and ca 10-3 M complex in dichloromethane. Solutions were purged and 
maintained under a nitrogen atmosphere. Electronic spectra were recorded using a Gary 5 
spectrophotometer. Solution spectra of the oxidized species were obtained at 298 K by 
electrogeneration in an optically-transparent thin-layer electrochemical cell with 
potentials ca 300 mV beyond E / /2 for each couple, to ensure complete electrolysis; 
solutions were made up in 0.3 M (NBun4)PF6 in dichloromethane. 
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2.2.2. Synthesis of Terminal Alkynes and Alkynyl Ruthenium Complexes 
All reactions were performed under a nitrogen atmosphere with the use of Schlenk 
techniques unless otherwise stated. Al l solvents were used as received. Petrol is a fraction 
of boiling range 60-80 "C. Chromatography was performed on silica gel or ungraded 
basic alumina. Ammonium hexafluorophosphate, sodium hexafluorophosphate, tetra-«-
butylammonium fluoride, 1,3-propandiol, copper(l) iodide, sodium bicarbonate, p-
toluenesulfonic acid, magnesium sulfate, PdCl2(PPh3)2, Pd(PPh3)4 and D I B A L H (toluene 
solution) (Aldrich) were used as received. Triethylphosphite (Aldrich) was distilled 
before use. The following were prepared by literature procedures: 4-
(bromomethyl)benzaldehyde," 4-Me3SiC=CC6H4l,"^ 4-Me3SiC=CC6H4Br, 4-
HC=CC6H4N02,'^ 4-Me3SiC=CC6H4CHO, 4-HC=CC6H4CHO,'^ 4-HC^CC6H4CHO 
(CH2)30,''' (£)-4,4'-HC=CC6H4CH=CHC6H4N02,'' 4-(Et0)2(0)PCH2C6H4l,^° 4-
(Et0)2(0)PCH2C6H4N02,'^ 4,4'-HC=CC6H4C^CC6H4N02,^' 4,4',4"-HC=CC6H4C^C 
C6H4C^CC6H4N02,^ c«-[RuCl2(dppe)2], m-[RuCl2(dppm)2],^^ trans-[Rui4-C=C 
C6H4N02)Cl(dppe)2] (20),^ /™-[Ru{(£)-4,4'-C=CC6H4CH=CHC6H4N02}Cl(dppe)2] 
(21),'' rran5-[Ru(4-C=CC6H4N02)Cl(dppm)2] (22), /ra«5-[Ru{(£)-4,4'-C=C 
C6H4CH=CHC6H4N02}Cl(dppm)2] (23),'^ /ra«.v-[Ru(4,4'-C=CC6H4C=CC6H4N02) 
Cl(dppm)2] (24), rra«5-[Ru(4,4',4"-C=CC6H4C=C C6H4C=CC6H4N02)Cl(dppm)2] (25).^ 
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H,—C,=C2-C3 X6-C7 CI—Ru^r = r - / V / 
c. P. P p p, 
H, Ph^ 
\ rv rti o 
Br H3C CHj 
\ C^a 
O ,0 
/ -P. C,: \ L ^ \ ' \ J Hs /^ 2 \ \ 
Ha .Ce H,3 
Hb-^ I 
Ha 
Cio-C,i Ci6 = Ci7 C10-C11 
// ^ / \ w R C9 C,2-Ci3=C„-C,5 X1B-NO2 Ri Cg C,2-R2 
\ = / w 
Atom labeling for NMR assignments. 
Chart 2.1 
2.2.2.7. Synthesis of 4J'-Me,SiC=CC^H.C=CC.H.CHO(rH^)^n_j2)_ with Mr. L 
Rigamonti 
PdCl2(PPh3)2 (155 mg, 0.22 mmol), Cul (41 mg, 0.22 mmol) and 4-
HC=CC6H4CH0(CH2)30 (820 mg, 4.33 mmol) were added to a solution of 4-
Me3SiC=CC6H4Br (1.10 g, 4.33 mmol) in NEt3 (70 mL). The mixture was stirred under 
reflux for 3 h and at room temperature overnight. The mixture was filtered, the solvent 
removed from the filtrate, and the resulting orange residue was purified by column 
chromatography on silica, eluting with CH2Cl2/petrol (2:1). Reduction in volume of the 
solvent on a rotary evaporator afforded 1 as a white powder (270 mg, 33%). EI MS: 360 
([M]^ 100). Anal. Calcd for C23H2402Si: C, 76.62; H, 6.71. Found: C, 76.40; H, 6.61%. 
UV-vis (CH2CI2): 30700 [5.43], 31800 sh [4.40], 32700 [5.35], 33700 sh [4.06], 34600 sh 
[3.75]. IR (CH2CI2): 2156 v{C=C). 'H NMR: 5 0.26 (s, 9H, Me), 1.46 (m, IH, H2o,eq), 
2.23 (m, IH, H2o.ax), 3.99 (m, 2H, H,9,ax), 4.28 (m, 2H, H,9.eq), 5.51 (s, IH, Hn) , 7.44 (s, 
4H, H4 and H5), 7.50 (AA'BB' , 4H, Hio and H,,). '^C NMR: 525.8 (C20), 67.5 (C19), 89.3 
33 
(Ci), 91.2 (C2X 96.3 (C7), 101.1 (Cn), 104.7 (Cg), 122.9 (C3), 123.2 (€5), 123.4 (C9), 
126.1 (Cu), 131.4, 131.6, 131.9 (C4, C5, C,o), 138.9 (C,2). 
2.2.2.2. Synthesis of 4.4'-Me^SiC=CC^H,C=CCM4CHO (2) with Mr. L Rigamonti 
Method A. PdCl2(PPh3)2 (60 mg, 0.090 mmol), Cul (14 mg, 0.080 mmol) and 4-
HC=CC6H4CH0 (252 mg, 1.93 mmol) were added to a solution of 4-Me3SiC=CC6H4l 
(577 mg, 1.92 mmol) in NEt3 (60 mL). The mixture was stirred under retlux overnight. 
The solvent was removed from the mixture and the resulting residue was extracted with 
Et20 (2 X 40 mL), yielding a yellow-orange organic phase that was adsorbed on alumina 
and purified by column cliromatography on alumina, eluting with CH2Cl2/petrol (1:1). 
Reduction in volume of the solvent on a rotary evaporator afforded 2 as a white powder 
(52 mg, 10%). 
Method B. HCl 9% w/w (1 mL) was added to a solution of 1 (201 mg, 0.56 mmol) in 
acetone (20 mL). The mixture was stirred under reflux for 1 h. The reaction mixture was 
treated with distilled water (30 mL) and extracted with Et20 (2 x 30 mL). The organic 
phase was washed with aqueous NaHC03, H2O and dried with MgS04. Reduction in 
volume of the solvent on a rotary evaporator afforded 2 as a white powder (141 mg, 
82%). EI MS: 302 ([M]^ 80), 287 ([M - Me]^ 100). HR El MS [CjoHigSiOf: calcd 
302.1127, found 302.1127. Anal. Calcd for C2oHi80Si.0.25CH2Cl2: C, 75.14; H, 5.76. 
Found: C, 74.95; H, 6.11%. UV-vis (CH2CI2): 29100 [2.46], 30600 [2.70], 34200 sh 
[1.45], 33700 sh[1.01]. IR (CH2CI2): 2215, 2156 v(C=C); 1702 v(C=0). 'H NMR: (50.26 
(s, 9H, Me), 5.28 (s, 0.5H, CH2CI2), 7.47 (s, 4H, H4 and H5), 7.66 (d, Jhh = 8.2 Hz, 2H, 
Hio), 7.87 (d, JHH = 8.2 Hz, 2H, Hu), 10.02 (s, IH, Hn). '^C NMR: (5 -0.1 (SiMej), 90.3, 
93.0, 96.9 (Ci, C7, Cs), 103.3 (C2), 122.5, 123.7 (C3, Cg), 129.3 (C9), 129.6 (Cn), 131.6, 
131.8, 132.1 (C4, C5, Cio), 135.6 (C,2), 191.4 (Cu). 
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2.2.2.3. Synthesis of rE)-4J\4''-Me^SiC=CC6HjC=CC,H4CH^CHCM,NO^ (3). with 
Mr. L. Rigamonti 
PdCl2(PPh3)2 (122 mg, 0.17 mmol), Cul (36 mg, 0.19 mmol) and (£)-4,4 ' -
HC=CC6H4CH=CHC6H4N02 (750 mg, 3.01 mmol) were added to a solution of 4-
Me3SiC=CC6H4l (970 mg, 3.24 mmol) in N E t j (100 mL). The mixture was stirred at 35-
40°C overnight. The mixture was filtered and washed with NEts, and the resultant solid 
residue was extracted with CH2CI2 (200 mL) and the solvent removed from the extract on 
a rotary evaporator. The resulting yellow-brown residue was purified by passing through 
a small pad of alumina, eluting with CH2CI2. Reduction in volume of the solvent on a 
rotary evaporator afforded 3 as a pale yellow powder (320 mg, 25%). El MS: 421 ([M]"", 
100), 406 ([M - M e f , 50). HR EI MS [C27H23NSi02]^ calcd 421.1498, found 421.1488. 
Anal. Calcd for C27H23N02Si.0.125CH2Cl2: C, 75.38; H, 5.56; N, 3.24. Found: C, 75.84; 
H, 5.73; N, 3.15%. UV-vis (CH2CI2): 26600 [9.20], 30800 sh [5.30]. IR (CH2CI2): 2154 
v(C=C); 1592 v(C=C); 1517, 1343 v(N02). 'H NMR: 5 0.26 (s, 9H, Me), 5.28 (s, 0.25H, 
CH2CI2), 7.22 ( A A ' B B ' , 4H, H n and HM), 7.46 (s, 4H, H4 and H5), 7.54 (s, 4H, H,o and 
Hii) , 7.65 (d, JHH = 8.8 Hz, 2H, H,6) , 8.24 (d, JHH = 8.8 Hz, 2H, Hn) . '^C NMR: 5 0.03 
(SiMej) , 90.8, 91.2 (C7, Cg), 96.5, 104.6 (C,, C2), 123.1, 123.3 (C3, Cg), 124.2, 127.0, 
127.2 (2C), 131.4, 132.0, 132.1, 132.5 (C4, C5, Cio, C, , , C,3, CM, C16, Cn) , 136.2 (C,2), 
143.5 (C15), 146.9 (Cis), C9 not observed. 
2.2.2.4. Synthesis of (E)-4.4'.4' '-HC^CaH4C^CCM4CH=CHCd^4N02 (4). with Mr. L. 
Rigamonti 
Method A. B u ^ N F (2.5 mL, 1 mol L"' solution in THF) was added to a solution of 3 (214 
mg, 0.51 mmol) in CH2CI2 (20 mL) yielding a suspension. This was stirred at room 
temperature for 2 h. The mixture was passed through a small pad of alumina, eluting with 
CH2CI2, and the solvent reduced in volume, affording 4 as a yellow powder (143 mg, 
80%). 
Method B. Solid N a O M e (excess) was added to a solution of 4-(Et0)2(0)PCH2C6H4N02 
(164 mg, 0.60 mmol) in THF (20 mL) and the purple solution was stirred at 0°C for 15 
35 
min. 2 (171 mg, 0.57 mmol) was added and the resultant mixture stirred at 0°C for 20 
min and then at room temperature for another 20 min. H2O (30 mL) and MeOH (12 mL) 
were added to the mixture to afford a yellow precipitate, which was collected, washed 
(HiO/MeOH mixture), and dried in vacuo to afford 4 as a yellow powder (120 mg, 60%). 
El MS: 349 ( [M]^ 10), 319 ([M - N 0 ] ^ 5). HR El MS [C24H,5N02]^: calcd 349,1103, 
found 349.1103. UV-vis ( C H 2 C I 2 ) : 26700 [6.00] 31100 sh [3.05]. IR (CH2CI2) : 2103 v 
( C = C ) ; 1 5 1 2 , 1 3 4 5 v (NO2) . ' H N M R : 6 3 . 1 9 ( s , I H , H , ) , 7 . 2 2 ( A B , 4 H , H n a n d Hm ) , 
7.49 (s, 4H, H4 and H5) , 7.55 (s, 4H, Hio and H,,), 7.65 (d, J „ „ = 8.8 Hz, 2H, H.s), 8.24 
( d , J H H = 8 .8Hz , 2H,H,7) . 
2.2.2.5. Synthesis 0f4.4'-fEt0)2_(0)PCHiC6H,C=CCM,N07 (5). with Mr. L. Rigamonti 
Pd(PPh3)4 (93 mg, 0.08 mmol) and 4-HCSCC6H4NO2 (375 mg, 2.55 mmol) were added 
to a solution of 4-(Et0)2(0)PCH2C6H4l (900 mg, 2.54 mmol) in NEt j (30 mL) and the 
orange mixture stirred at reflux overnight. The dark mixture was filtered, the filtrate taken 
to dryness and purified by column chromatography on alumina, eluting with a gradient 
polarity eluent (acetone/petrol 1:3, EtOAc/petrol 1:1, EtOAc). Removal of the solvent on 
a rotary evaporator afforded 5 as a pale yellow oil (560 mg, 59%). El MS: 373 ([M]"^, 
100), 236 ([M - P(0) (0Et)2]^ HR El MS [C,9H2oN05P]^: calcd 373.1079, found 
373.1081. UV-vis ( C H 2 C I 2 ) : 29500 [2.01]. IR (CH2CI2) : 2217 v(C=C); 1520, 1346 
v ( N 0 2 ) . ' H N M R : (5 1 . 2 5 ( t , J h h = 7 .1 H z , 6 H , C H 3 ) , 3 . 1 7 (d , J m = 2 2 . 0 H z , 2 H , HG), 
4.04 (q, Jhh = 7.1 Hz, 4H, C H 2 ) , 7.32 (dd, Jhh = 8.1 Hz, Jph = 2.4 Hz, 2H, H,o), 7.50 (d, 
Jhh = 8.1 Hz, 2H, H n ) , 7.65 (d, Jhh = 8.9 Hz, 2H, Hie), 8.21 (d, Jhh = 8.9 Hz, 2H, Hn). 
'^C NMR: (5 16.4 (d, Jcp = 23 Hz, C H 3 ) , 34.0 (d, Jc? = 548 Hz, Cs), 62.3 (d, Jcp = 27 Hz, 
C H 2 ) , 87.8 (C14) , 94.5 (C,3), 120.7 (C^), 123.7 (Cn), 130.0, 130.3 (C 15 , C,o), 132.0, 
132.3 (Cn , C,6), 133.3 (C9), 147.0 (CIS). " P N M R : (5 26.1. 
2.2.2.6. Synthesis of (E)-4J\4''-HC=CC,H4CH=CHCM4C=CCM4NO? (6). with Mr. L. 
Rigamonti 
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Solid N a O M e (excess) was added to a solution of 5 (535 mg, 1.43 mmol) in THF (20 
mL) and the dark green solution was stirred at 0°C for 15 min. 4-Me3SiC=CC6H4CHO 
(287 mg, 1.42 mmol) was added and the mixture stirred at 0°C for 10 min and then at 
room temperature for a further 15 min. H2O (30 mL) and MeOH (12 mL) were added to 
the mixture to afford a yellow precipitate, which was collected, washed (H20 /Me0H 
mixture) and dried in vacuo to afford 6 as a yellow powder (454 mg, 92%). El MS: 349 
{ [ M ] \ 25), 319 ([M - N O f . HR El MS [C24Hi5N02r: calcd 349.1103, found 349.1103. 
UV-vis: 27000 [5.38). IR (KBr): 2212 v(C=C); 1513, 1345 v(N02). 'H NMR: d 3.15 (s, 
IH, Hi), 7.13 (s, 2H, H7 and Hg), 7.49 (s, 4H, H4 and H5) , 7.54 (s, 4H, Hio and H,,) , 7.66 
(d, JHH = 7.2 Hz, 2H, H^,), 8.23 (d, Jhh = 7.2 Hz, 2H, Hn) . 
2.2.2. 7. Synthesis of 4-BrCH^C,H4CH0{CH7),0 (7). with Mr. L Rigamonti 
1,3-Propandiol (0.5 mL, 6.96 mmol) and 4-MeC6H4S03H (60 mg, 0.32 mmol) were 
added to a solution of 4-BrCH2C6H4CHO (473 mg, 2.37 mmol) in toluene (40 mL). The 
mixture was stirred under reflux for 4 h with the use of a Dean-Stark apparatus, then 
cooled and washed once with aqueous NaOH, twice with water, and then dried with 
MgS04. The organic phase was taken to dryness to afford a yellowish crude product, 
which was purified by column chromatography on silica, eluting with a gradient polarity 
eluent (petrol/CH2Cl2 2:1, petrol/CH2Cl2 1:1). Reduction in volume of the solvent on a 
rotary evaporator afforded 7 as a white solid (450 mg, 74%). EI MS: 255 ([M - H]^, 20), 
197 ([M - 0(CH2)3 - H ] ^ 15), 177 ([M - B r ] \ 100). Anal. Calcd for Ci,Hi3Br02: C, 
51.38; H, 5.10. Found: C, 51.38; H, 5.38%. UV-vis ( C H 2 C I 2 ) : 36360 [0.06]. IR 
( C H 2 C I 2 ) : 1684 v ( 0 - C - 0 ) ; 1607 v(C=C). 'H NMR: 5 1.45 (m, IH, H2o,eq), 2.22 (m, IH, 
H2o,ax), 3.99 (m, 2H, H,9,ax), 4.27 (m, 2H, H,9,eq), 4.48 (s, 2H, Hg), 5.49 (s, IH, Hn) , 7.42 
( A A ' B B ' , 4 H , H , o a n d H u ) . ' ^ C N M R : ^ 2 5 . 8 (C20) , 3 3 . 2 ( C g ) , 6 7 . 4 (C19) , 1 0 1 . 1 (C13), 
126.5 (Cm), 129.0 (C,o), 138.3 (C9), 138.9 (C,2). 
2.2.2.8. Synthesis 0f4-{Et0)?{0)PCH2C^H4CH0(CHjb0M. with Mr. L. Rigamonti 
37 
P(0Et)3 (1.5 mL, 8.75 mmol) was added to 9 (400 mg, 1.56 mmol) in a Schlenk tube and 
the mixture was stirred under reflux overnight. The excess of P(0Et)3 was removed 
affording 8 as a colorless oil (488 mg, 100%). El MS: 313 ( [Mf, 80), 197 ([M - 2Et]^ 
60). HR EI MS [CisHzzOsP] ([M - H f ) : calcd 313.1205, found 313.1202. UV-vis 
(CH2CI2): 35460 [0.9]. IR (CH2CI2): 1714 v(0-C-0); 1609 v(C=C). 'H NMR: <5 1.22 (t, 
JHH = 7 . 0 HZ , 6 H , C H 3 ) , 1 . 4 5 ( m , I H , Hjo.EQ), 2 . 2 1 ( m , I H , Hzo.AX), 3 . 1 4 ( d , JPH = 2 1 . 7 H z , 
2H, Hs), 3.90-4.10 (m, 6H, CH2 and H,9,ax), 4.26 (m, 2H, H,9,eq), 5.48 (s, IH, H^), 7.28 
(dd, JHH = 8.0 Hz, JpH = 2.3 Hz, 2H, H,o), 7.41 (d, JHH = 8.0 Hz, 2H, H,,). '^C NMR: (5 
16.4 (d, Jcp = 23 Hz, CH3), 25.8 (C20), 33.6 (d, JCP = 548 Hz, Cg), 62.1 (d, JCP = 25 Hz, 
CH2), 67.4 (C,9), 101.4 (C,3), 126.2 (d, JCP = 13 Hz, C,,), 129.7 (d, JCP = 25 Hz, C,o), 
132.3 (d, Jcp = 35 Hz, C9), 137.4 (C,2). ^'PNMR: 826.1. 
2.2.2.9. Synthesis of {E)-4A'-HC=CCM4CH=CHCM4CH0(CH7),_0 (9). with Mr. L. 
Rigamonti 
Solid NaOMe (excess) was added to a solution of 8 (301 mg, 0.96 mmol) in THF (20 
mL) and the mixture was stirred at 0°C for 30 min. 4-Me3SiC=CC6H4CHO (195 mg, 0.96 
mmol) was added and the mixture was stirred at 0°C for 30 min and at room temperature 
for a further 30 min. H2O (30 mL) and MeOH (12 mL) were added to the mixture to 
afford a yellow precipitate, which was collected, washed (H20/Me0H mixture) and dried 
in vacuo to afford 9 as a pale yellow powder (150 mg, 54%). El MS: 290 ([M]^ 100), 
232 ([M - 0(CH2)3]^ 75). HR EI MS C20H18O2 ([Mf): calcd 290.1307, found 290.1307. 
Anal. Calcd for C2oH,802.0.2CH2Cl2: C, 78.82; H, 6.48. Found: C, 78.75; H, 6.35%. UV-
vis (THF): 29200 sh [2.80], 30600 [4.27], 32000 sh [3.66], 34800 sh [1.98]. IR (CH2CI2): 
2106 v(C=C); 1602 v(C=C). 'H NMR: 6 1.45 (m, IH, Hzo.eq), 2.24 (m, IH, H2o.ax), 3.13 
(s, IH, Hi), 4.00 (m, 2H, H,9,ax), 4.28 (m, 2H, H,9.eq), 5.28 (s, 0.4H, CH2CI2), 5.51 (s, IH, 
Hn), 7.07 (d, J H H = 16.3 Hz, IH, Hg), 7.13 (d, J H H = 16.3 Hz, IH, H7), 7.47 (s, 4H, H4 
and H5), 7.49 (AA'BB', 4H, H,o and H„). ' 'C NMR: <5 25.8 (C20), 67.5 (C19), 78.0 (C2), 
83.8 (Ci), 101.4 (C13), 121.1 (C3), 126.4, 126.5, 126.6 (C5, Cio, Cu), 128.1, 129.6 (C7, 
Cs), 132.5 (C4), 137.5, 137.8, 138.4 (C6, C9, Cn). 
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2.2.2.10. Synthesis of rE}-4,4'-HC^CCM,CH=CHC,H4CHO (10). with Mr. L. Rigamonti 
HCl (9% w/w) (1 mL) was added to a solution of 9 (130 mg, 0.45 mmol) in acetone (20 
mL) and the mixture stirred at room temperature for 24 h. The reaction mixture was 
treated with distilled water (30 mL) and extracted with Et20 (2 x 30 mL). The organic 
phase was washed with aqueous NaHCOs, H2O and dried with MgS04. Reduction in 
volume of the solvent on a rotary evaporator afforded 10 as an orange solid (101 mg, 
94%). EI MS: 232 ( [ M f , 100), 202 ([M - CHzOr, 70). HR EI MS C n H ^ O ( [Mf) : calcd 
232.0888, found 232.0892. UV-vis (CH2CI2): 30600 [1.43]. IR (CH2CI2): 2106 v(C=C); 
1698 v(C=0); 1599 v(C=C). 'H NMR: 63.16 (s, 1H,H,),7.20 (AB, 2H, H7 and Hs), 7.51 
(s, 4H, H4 and H5), 7.66 (d, JHH = 8.3 Hz, 2H, H,o), 7.88 (d, JHH = 8.3 Hz, 2H, H,,). '^C 
NMR: (5 78.5 (C,), 83.5 (C2), 122.0 (C3), 126.8, 127.1 (C5, Cm), 128.5, 131.3 (C7, Cs), 
130.3 (Cn), 132.6 (C4), 135.6 (Cg), 137.0 (C^), 143.0 (C9), 191.6 (Cn). 
2.2.2.11. Synthesis of fE.E)-4J\4''-HC=CCM4CH=CHC,H4CH=CHC,H,_NOi (11). 
with Mr. L. Rigamonti 
Solid NaOMe (excess) was added to a solution of 4-(Et0)2(0)PCH2C6H4N02 (110 mg, 
0.40 mmol) in THF (30 mL) and the purple solution stirred at 0°C for 15 min. 10 (95 mg, 
0.40 mmol) was added and the mixture stirred at 0°C for 20 min and then at room 
temperature for a further 20 min. H2O (30 mL) and MeOH (12 mL) were added to the 
mixture to afford a yellow precipitate which was collected, washed (H20/Me0H mixture) 
and dried in vacuo. Recrystallization from CH2Cl2/MeOH mixtures affords 11 as a yellow 
solid (115 mg, 83%). EI MS: 351 ( [ M f , 20). HR EI MS [C24HnN02r ([M]^): calcd 
351.1259, found 351.1255. Anal. Calcd for C24H,7N02-0.33CH2Cl2: C, 76.97; H, 4.69; N, 
3.69. Found: C, 76.62; H, 4.81; N, 3.50%. UV-vis (CH2CI2): 25600 [3.94]. IR (CH2CI2): 
2106 v(C=C); 1604, 1592 v(C=C); 1519, 1344 v(N02). 'HNMR: (5 3.15 (s, IH, Hi), 5.28 
(s, 0.67H, CH2CI2), 7.13 (s, 2H, Hy and Hg), 7.20 (AB, 2H, Hn and Hu), 7.49 (s, 4H, H4 
and H5), 7.55 (s, 4H, H,o and Hn), 7.65 (d, JHH = 8.8 Hz, 2H, Hie), 8.23 (d, JHH = 8.8 Hz, 
2 H , H , 7 ) . 
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2.2.2.12. Synthesis of trans4Ru{(E)-4J\4''-C^CCM.C^CC.H.CH=CHC.H,_N0.J 
QUdErnhJIllL with Mr. L. Rigamonti 
c/5-[RuCl2(dppe)2] (357 mg, 0.37 mmol) and NH4PF6 (67 mg, 0.41 mmol) were added to 
a suspension of 4 (130 mg, 0.37 mmol) in CH2CI2 (50 mL). The orange mixture was 
stirred at room temperature overnight. NEts (1 mL) was added and the red mixture stirred 
at room temperature for 2 h. The reaction mixture was purified by column 
chromatography on alumina, eluting with CH2Cl2/petrol/NEt3 (10:10:1). Reduction in 
volume of the solvent on a rotary evaporator afforded 12 as a red powder (280 mg, 60%). 
ESI MS: 1247 ([M - Cl]^ 75), 898 ([Ru(dppe)2]\ 10). Anal. Calcd for 
C76H62CINO2P4RU.I.5CH2CI2: C, 66.06; H, 4.65; N, 1.00. Found: C, 65.88; H, 4.91; N, 
1.19%. UV-vis (CH2CI2): 22200 sh [3.00], 26400 [6.06], 40400 sh [5.41], IR (CH2CI2): 
2062 v(RuC=C). 'H NMR: 6 2.69 (m, 8H, PCH2), 5.28 (s, 3H, CH2CI2), 6.56 (d, Jhh = 
8.3 Hz, 2H, H4), 6.90-7.60 (m, 48H, H5, Hio, H,,, Hu , H,4 and Ph), 7.65 (d, Jhh = 8.7 Hz, 
2H, H,6), 8.24 (d, Jhh = 8.7 Hz, 2H, Hn). '^C NMR: <5 30.6 (CH2), 84.8 (Cg), 124.3 (Cn), 
126.8 (Cn), 127.1 (d, Jcp = 12 Hz), 128.9, 134.3 (d, Jcp = 16 Hz), 135.9 (m) (PPh), 131.9 
(C4, C5), 132.7 (Cio), 143.7 (C15), 146.9 (C.g), C2, C7, C, not observed. ^'P NMR: 5 49.7. 
2.2.2.13. Synthesis of trans-fRuUE)-4J\4''-C=CCM,C=CC6H4CH=CHC6H4N07} 
Cl(dDDm)yJ (13). 
c/5-[RuCl2(dppm)2] (162 mg, 0.17 mmol) and NaPPe (29 mg, 0.17 mmol) were added to 
a suspension of 4 (60 mg, 0.27 mmol) in CH2CI2 (35 mL) and the orange mixture stirred 
at room temperature overnight. NEt3 (1 mL) was added and the red mixture stirred at 
room temperature for 24 h. The reaction mixture was purified by passing through a short 
pad of alumina, eluting with CH2Cl2/petrol/NEt3 (10:10:1). Reduction in volume of the 
solvent on a rotary evaporator afforded 13 as a purple powder (95 mg, 44%). ESI MS; 
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1255 ( [ M f , 60), 1219 ([M - Ci]^ 100), 905 ([RuCI(dppm)2]^ 50)^ Anal. Calcd for 
C74H58CINO2P4RU.O.67CH2CI2: C, 68.45; H, 4.56; N, 1.07. Found: C, 68.44; H, 4.88; N, 
1.11%. UV-vis (CH2CI2): 22675 [1.13], 26740 [2.55]. IR (KBr): 3050 v(H-C=C); 2067 
KRuC^C). 'H NMR: <5 4.91 (m, 4H, PCH2), 5.28 (s, 1.3H, CH2CI2), 6.00 (d, JHH = 8.4 
Hz, 2H, H4), 7.05-7.51 (m, 48H, H5, H,o, H,,, Hn, H,4 and Ph), 7.66 (d, JHH = 9 Hz, 2H, 
H,6), 8.25 (d, Jhh = 8.7 Hz, 2H, H,,). '^C NMR: (5 50.5 (CH2), 89.4 (C,, C2), 93.0 (C7, 
CB), 124.5 (C,7), 124.6 (C9), 126.9 (C3, Cg), 127.2 (Cu), 133.9, 132.0, 127.8 (PPh), 133.6 
(C4,C5), 132.9(C,o), 143.9 (C,5), 147.0 (Cig), 135.6 (C,2). " P NMR: <5-5.94. 
2.2.2.14. Synthesis of 
Clfdppe)?] (14). with Mr. L. Rigamonti 
c/\s--[RuCl2(dppe)2] (461 mg, 0.48 mmol) and NaPFe (80 mg, 0.48 mmol) were added to a 
suspension of 6 (166 mg, 0.48 mmol) in CH2CI2 (50 mL) and the orange mixture stirred 
at room temperature overnight. NEt3 (1 mL) was added and the red mixture stirred at 
room temperature for 2 h. The reaction mixture was purified by passing through a short 
pad of alumina, eluting with CH2Cl2/petrol/NEt3 (10:10:1). Reduction in volume of the 
solvent on a rotary evaporator afforded 14 as a purple powder (530 mg, 87%). ESI MS: 
1247 ([M - Cl]^ 80), 898 ([Ru(dppe)2]^ 10). Anal. Calcd for 
C76H62ClN02P4Ru-0.67CH2Cl2: C, 68.80; H, 4.77; N, 1.05. Found: C, 68.97; H, 5.30; N, 
I.09%. UV-vis (CH2CI2) : 22000 [3.01], 26700 [3.15], 35300 sh [5.46], 36200 [5.92], IR 
(CH2CI2) : 2062 v(RuC=C); 1587 v(C=C). 'HNMR: <5 2.69 (m, 8H, P C H 2 ) , 5.28 (s, 1.3H, 
CH2CI2) , 6.64 (d, JHH = 8.3 Hz, 2H, H4), 6.90-7.60 (m, 48H, H5, H7, Hg, H,o, H,, and Ph), 
7.68 (d, JHH = 8.7 Hz, 2H, Hie), 8.24 (d, JHH = 8.7 Hz, 2H, Hn). '^C NMR: <5 30.7 
( P C H 2 ) , 88.4, 95.4 (Ci3, C14), 114.9 (C2), 120.2 (C,), 127.1 (d, JCP 20 Hz), 128.9, 134.4 
(d, JCP 8 Hz), 136.0 (m) (PPh), 132.2, 132.3, 130.7, 130.4, 126.1, 126.3, 125.2, 123.7 (C4, 
C5, C7, Cg, Cio, Cu, C,6, Cn), 128.7, 130.5, 131.1 (C3, Ce, Cn), 139.1 (C.j), 146.9 (Cig), 
C9 not observed. ^'P NMR: ^ 50.0. 
2.2.2.15. Synthesis of trans-[Ru{{E)-4.4\4''-C=CC6H,CH=CHC,H4C^CC,H4N02_} 
Cl(dppm)il (15). 
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CW-[RuCl2(dppm)2] (162 mg, 0.17 mmol) and NaPFe (29 mg, 0.17 mmol) were added to a 
suspension of 6 ( 6 0 mg, 0 . 1 7 mmol) in C H 2 C I 2 ( 5 0 mL) and the orange mixture stirred at 
room temperature overnight. NEt3 (1 mL) was added and the red mixture stirred at room 
temperature for 2 h. The reaction mixture was purified by passing through a short pad of 
alumina, eluting with CHzCb/petrol/NEts ( 1 0 : 1 0 : 1 ) . Reduction in volume of the solvent 
on a rotary evaporator afforded 15 as a purple powder (123 mg, 57%). ESI MS: 1255 
( [ M f , 100), 1219 ( fM - Cl ]^ 50), 905 ([RuCl(dppm)2]^ 100)^ Anal. Calcd for 
C74H58CINO2P4RU.O.33CH2CI2: C, 69.65; H, 4.61; N, 1.09. Found: C, 69.52; H, 4.82; N, 
1 . 2 4 % . UV-vis (CH2CI2): 2 6 5 3 0 [ 4 . 8 8 ] , 2 2 3 2 0 [ 4 . 9 0 ] , IR (KBr): 3 0 5 1 v(H-C=C), 2 0 5 9 
v(RuC=C). ' H N M R : <5 4.92 (m, 4H, PCH2), 5.28 (s, 0.67H, CH2CI2), 6.07 (d, Jhh = 8.4 
H z , 2 H , H4), 6 . 9 0 - 7 . 5 4 ( m , 4 8 H , H5, H7, Hg, H,o , H N , H13, H,4 a n d P h ) , 7 . 6 7 ( d , J h h = 9 
Hz, 2H, H16), 8.24 (d, Jhh = 9 Hz, 2H, Hn) . '^C NMR: 6 53.0 (CH2), 88.5 (C,, C2), 95.6 
(C7, CG), 120.3 (C9), 123.9 (C17), 124.9 (C3, CE), 125.7 (C,,), 133.9, 129.5, 127.8 (PPh), 
132.4 (C4, C5), 134.4 (C12), 126.4 (Cio), 139.4 (€,5), 147.1 (Cig). ^'P NMR: <5-5.90. 
2.2.2.16. Synthesis of trans- fRu/{E.E)-4.4\4-C=CCM4CH=CHCM4CH=CH 
CMMOTjCKdppe)?] (16). with Mr. L. Rigamonti 
d6'-[RuCl2(dppe)2] (263 mg, 0.27 mmol) and NaPFe (46 mg, 0.27 mmol) were added to a 
suspension of 11 (96 mg, 0.27 mmol) in CH2CI2 (35 mL) and the dark orange mixture 
stirred at room temperature overnight. NEts (1 mL) was added and the red mixture stirred 
at room temperature for 24 h. The reaction mixture was purified by passing through a 
short pad of alumina, eluting with CH2Cl2/petrol/NEt3 (10:10:1). Reduction in volume of 
the solvent on a rotary evaporator afforded 16 as a purple powder (125 mg, 36%). ESI 
MS: 1247 ([M - C l ]^ 30), 898 ([Ru(dppe)2]^ 10). Anal. Calcd for 
C76H64CINO2P4RU.2CH2CI2: C, 64.44; H, 4.71; N, 0.96. Found: C, 64.29; H, 5.17; N, 
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0.99%. UV-vis (CH2CI2): 36200 [6.60], 35300 sh [6.19], 26100 [2.19], 21800 [1.59], IR 
(CH2CI2): 2066 HRuC^C) ; 1598, 1587 v(C=C). 'H NMR: (5 2.69 (m, 8H, CH2), 5.28 (s, 
4H, CH2CI2), 6.64 (d, Jhh = 8.3 Hz, 2H, H4), 6.95-7.54 (m, 50H, H5, Hy, Hg, H,o, H,,, 
H,3, H,4 and Ph), 7.65 (d, Jhh = 8.9 Hz, 2H, H,6), 8.23 (d, Jhh = 8.9 Hz, 2H, H17). '^C 
NMR: 6 30.7 (CH2), 114.9 (C,), 124.2 (Cn), 125.5, 125.7 (C7, Cs), 126.0, 126.7, 126.8, 
127.5 (C5, Cio, Cii, C16), 127.1 (d, Jcp 20 Hz), 129.0, 134.4 (d, Jcp 9 Hz), 136.0 (m) 
(PPh), 129.9, 133.1 (C,3, Cm), 130.5 (C4), 134.9 (Cg), 131.37 (2C, C9, C.z), 138.7 (C3), 
144.1 (C,5), 146.7 (C18), C2 not observed. ^'P NMR: <5 50.0. 
2.2.2.17. Synthesis of trans-fRuKE.E)-4.4'.4' '-C=CCfiH,CH=CHC,H,CH=CH 
CM4N07}Cl(dDDm)2l (17). 
cw-[RuCl2(dppm)2] (263 mg, 0.27 mmol) and NaPFe (46 mg, 0.27 mmol) were added to a 
suspension of 11 (96 mg, 0.27 mmol) in CH2CI2 (35 mL) and the dark orange mixture 
stirred at room temperature overnight. NEts (1 mL) was added and the red mixture stirred 
at room temperature for 24 h. The reaction mixture was purified by passing through a 
short pad of alumina, eluting with CH2Cl2/petrol/NEt3 (10:10:1). Reduction in volume of 
the solvent on a rotary evaporator afforded 17 as a purple powder (90 mg, 46%). ESI MS: 
1255 ([M]^ 50), 905 ([RuCl(dppm)2]^ 100). Anal. Calcd for C74H58CINO2P4RU.CH2CI2: 
C, 67.19; H, 4.66; N, 1.04. Found: C, 67.04; H, 5.51; N, 1.05%. UV-vis (CH2CI2): 25840 
[1.65], 21700 [1.53]. IR (KBr): 3048 v(H-C=C); 2066 v(RuC=C). 'H NMR: 6 4.91 (m, 
4H, PCHz), 5.28 (s, 2H, CH2CI2), 6.06 (d, Jhh = 7.8 Hz, 2H, H4), 6.96-7.50 (m, 50H, H5, 
Ht, Hio, H u , H,3, H,4 and Ph), 7.64 (d, Jhh = 8.7 Hz, 2H, H,6), 8.24 (d, Jhh = 9 Hz, 2H, 
Hn). '^C NMR: <5 53.2 (CH2), 94.3 (C7, Cs), 124.4 (C9), 126.8 (Cn), 125.7 (C3, Cs), 131.2 
(Cii), 133.9, 129.5, 127.8 (PPh), 127.8 (C4, C5), 130.4 (C,o), 139.0 (C.s), 147.0 (C.s), 
133.6 (C,2).^'P NMR: 6-5.41. 
2.2.2.18. Synthesis of trans-[Ru{4.4'.4''-C^CCM4C=CCM4C=CCM4N07)Cl{dppe)7j 
(18) with Mr. L. Rigamonti 
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c«-[RuCl2(dppe)2] (160 mg, 0.16 mmol) and NaPFe (28.4 mg, 0.17 mmol) were added to 
a suspension of 4,4',4"-HC=CC6H4C=CC6H4C=CC6H4N02 (55 mg, 0.16 mmol) in 
CH2CI2 (40 mL) and the orange mixture stirred at room temperature overnight. NEts (1 
mL) was added and the red mixture obtained was stirred at room temperature for 2 h. The 
reaction mixture was concentrated and purified by column chromatography on alumina, 
eluting with CH2Cl2/petrol/NEt3 (10:10:1). Reduction in volume of the solvent afforded 
18 as a red powder (170 mg, 84%). ESI MS 1245 ([M - Cl]^ 60), 898 ([Ru(dppe)2], 10). 
Anal. Calcd for C76H60CINO2P4RU. O.25CH2CI2: C, 70.40; H, 4.69; N, 1.08. Found: C, 
70.21; H, 5.05; N, 1.40%. UV-vis (CH2CI2): 27300 [3.78], 23100 sh [2.26]. IR (CH2CI2): 
2059 v(RuC=C). 'H NMR: (5 2.68 (m, 8H, CH2), 5.28 (s, 0.5H, CH2CI2) 6.53 (d, Jhh = 7.2 
Hz, 2H, H4), 6.92-7.49 (m, 46H, H5, Ph), 7.68 (d, Jhh = 8.9 Hz, 2H, Hie), 8.24 (d, Jhh = 
8.9 Hz, 2H, Hn). "C NMR: <5 30.6 (CH2), 89.1 (C2), 92.9 (C7, Cg, C,3, Cm), 123.7 (Cn), 
124.8 (C3, Cft), 127.1 (d, Jcp 17 Hz), 128.8, 134.3 (d, Jcp 17 Hz), 136.0 (m) (PPh), 130.9 
(C,5), 130.5 (C4), 131.4 (C4, C5), 131.8 (C,o, C,,), 132.3 (C.s), 147.0 (C.g), C,, C9, C,2 not 
observed. ^ 'PNMR: 6 49.7. 
2.2.2.19. Synthesis of trans-[Ru(4J'-C=CC^_H4C=CC,H4_NOl)Cl(dppe}il (19). with Mr. 
L. Rigamonti 
cw-[RuCl2(dppe)2] (360 mg, 0.37 mmol) and NaPFe (68.5 mg, 0.41 mmol) were added to 
a solution of 4,4'-HC=CC6H4C=CC6H4N02 (91.7 mg, 0.37 mmol) in CH2CI2 (35 mL) 
and the red solution stirred at room temperature overnight. NEts (1 mL) was added and 
the deep red mixture stirred at room temperature for 1 h. The reaction mixture was 
purified by passing through a short pad of alumina, eluting with CH2Cl2/petrol/NEt3 
(10:10:1). Reduction in volume of the solvent on a rotary evaporator afforded 19 as a 
purple powder (400 mg, 92%). ESI MS 1145 ([M - CIJ^ 60), 898 ([Ru(dppe)2], 20). 
Anal. Calcd for C68H56NO2P4RUCI.O.25CH2CI2: C, 68.26; H, 4.47; N, 1.17. Found: C, 
68.28; H, 4.96; N, 1.30%. UV-vis (CH2CI2): 21400 [1.83], 28600 [2.64], IR (CH2CI2): 
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2056 v(RuC^C). ' H N M R : 5 2.69 (m, 8H, CH2), 5.28 (s, 0.5H, C H 2 C I 2 ) , 6.55 (d, JHH = 
7.1 Hz, 2H, Hi), 6.92-7.59 (m, 46H, H5, H,o, H,, , Ph), 7.68 (d, JHH = 8.4 Hz, 2H, H,6), 
8 . 2 4 ( d , JHH = 8 . 4 H z , 2 H , H n ) . " C N M R : 5 3 0 . 6 ( C H 2 ) , 8 8 . 1 ( C i ) , 9 6 . 7 (C2) , 1 0 5 . 9 ( C , 3 , 
C14), 123.6 (C,7), 127.1 (d, J c p = 17Hz), 128.8, 134.3 ( d , J c p = 17Hz) (PPh), 130.0 (C3), 
1 3 0 . 9 ( C , 5 ) , 1 3 1 . 2 ( C 4 , C 5 ) , 1 3 1 . 8 ( C , 6 ) , 1 4 6 . 5 (C.G) . " P N M R : ( 5 4 9 . 7 . 
2.2.3. Hyper Raleigh Scattering Measurements 
For studies at 1064 nm, an injection seeded Nd:YAG laser (Q-switched Nd:YAG 
Quanta Ray GCR, 1064 nm, 8 ns pulses, 10 Hz) was focused into a cylindrical cell (7 
mL) containing the sample. The intensity of the incident beam was varied by rotation of a 
half-wave plate placed between crossed polarizers. Part of the laser pulse was sampled by 
a photodiode to measure the vertically polarized incident light intensity. The frequency-
doubled light was collected by an efficient condenser system and detected by a 
photomultiplier. The harmonic scattering and linear scattering were distinguished by 
appropriate filters; gated integrators were used to obtain intensities of the incident and 
harmonic scattered light. The absence of a luminescence contribution to the harmonic 
signal was confirmed by using interference filters at different wavelengths near 532 nm. 
All measurements were performed in THF using p-nitroaniline ((3 = 21.4 x 10'^° esu)''' as 
a reference. Solutions were sufficiently dilute that absorption of scattered light was 
negligible. 
For studies at 1300 nm, a Tsunami-pumped OPAL (model Spectra-Physics) was used. 
With a high repetition rate of the laser, high frequency demodulation of fluorescence 
contributions can be effected, a full description being given in ref 75. All measurements 
were performed in tetrahydrofuran using Disperse Red 1 (DRl , (3 = 54 x 10"^° esu in 
chloroform) as a reference. Experiments utilized low chromophore concentrations, the 
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linearity of the HRS signal as a function of the chromophore concentration confirming 
that no significant self-absorption of the SHG signal occurred. 
2.2.4. Theortical Studies 
Calculations were performed using the Amsterdam Density Functional (ADF) package 
ADF2004.0 l /^ developed by Baerends et al."'^^ These calculations were undertaken to 
characterize the lowest-frequency-allowed single-photon transitions of a set of model 
compounds containing the unsaturated hydrocarbon bridges of compounds 12 to 18. 
These models were of the form [Ru]C2C6H4C2H,C6H4C2H;C6H4N02 ([Ru] = trans-
RuC1(PH2CH2PH2)2; i = 0, 2, j = 0, 2). In the theoretical discussion, the models are 
denoted as 12M, 14M, 16M and 18M to indicate the laboratory compounds of which they 
are structural homologues. Symmetry was constrained as either Ci^ (18M) or Cs (12M, 
14M, 16M) as appropriate. In all calculations and for all atoms, the Slater-type orbital 
basis sets used were of triple-z-plus-polarization quality (TZP). Electrons in orbitals up to 
and including I5 {C}, 2p {?, CI} and Ad {Ru} were treated in accordance with the 
frozen-core approximation. Geometry optimizations employed the gradient algorithm of 
Versluis and Ziegler.^^ Funct ional used in the optimization calculations were the local 
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density approximation (LDA) to the exchange potential, the correlation potential of 
Vosko, Wilk and Nusair (VWN),^' and the nonlocal corrections of Perdew, Burke, and 
Enzerhof (PBE).^° Following optimization of the model compounds, time-dependent 
density functional theory (TD-DFT) calculations were pursued using either PBE or the 
asymptotically correct functional of van Leeuwen and Baerends (LB94). 
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2.3. RESULTS AND DUSCUSSION 
2.3.1. Synthesis and Characterization of Alkynes and AlkynyI Ruthenium Complexes 
The acetylenes required for the alkynyl complex syntheses were prepared by extensions 
of established organic synthetic procedures (Schemes 1-3). The synthesis of (£)-4,4'-
HC=CC6H4CH=CHC6H4N02 has been reported previously.'' Coupling this alkyne with 4-
iodo(trimethylsilylethynyl)benzene under Sonogashira conditions afforded (£)-4,4' ,4"-
Me3SiC=CC6H4C=CC6H4CH=CHC6H4N02 (3), which could be desilylated with tetra-n-
butylammonium fluoride to give (£)-4,4',4"-HC=CC6H4C=CC6H4CH=CHC6H4N02 (4) 
(Scheme 2.1). In search of an improved synthesis, we targeted 4,4'-
Me3SiC=CC6H4C=CC6H4CHO (2) as a precursor to 4. Reacting 4-ethynylbenzaldehyde 
with 4-iodo(trimethylsilylethynyl)benzene under Sonogashira conditions gave 2 in very 
low yield and was not pursued further. Reacting 4-HC=CC6H4CH0(CH2)30 with 4-
bromo(trimethylsilylethynyl)benzene, again using Sonogashira conditions, afforded 4,4'-
Me3SiC=CC6H4C=CC6H4 CH0(CH2)30 (1). The acetal protecting group was removed on 
reaction with acid, to afford 2. Emmons-Horner-Wadsworth coupling of 2 with 4-
(Et0)2(0)PCH2C6H4 NO2 proceeded with simultaneous desilylation to give 4 directly in 
excellent yield. 
Sonogashira coupling of 4-HCSCC6H4NO2 and 4-(Et0)2(0)PCH2C6H4l afforded 4,4'-
(Et0)2(0)PCH2C6H4C=CC6H4N02 (5), subsequent Emmons-Horner coupling and 
simultaneous desilylation giving (E)-4,4',4"-HC=CC6H4CH=CHC6H4C=C C6H4NO2 (6) 
(Scheme 2.2). The aldehyde functionality in 4-BrCH2C6H4CHO was protected as the 
acetal 4-BrCH2C6H4CHO(CH2)30 (7) by reaction with 1,3-propandiol, a subsequent 
Arbuzov reaction giving 4-(Et0)2(0)PCH2C6H4CH0(CH2)30 (8) (Scheme 2.3). 
Emmons-Horner coupling of 8 with 4-Me3SiC=CC6H4CHO afforded (£)-4,4'-
HC=CC6H4CH=CHC6H4 CH0(CH2)30 (9) in 54% yield. The acetal protecting group in 9 
was removed by reaction with HCl, affording (£)-4,4'-HC=CC6H4CH=CHC6H4CHO 
(10) in excellent yield. A further Emmons-Horner coupling [10 with 4-
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(Et0)2(0)PCH2C6H4N02] afforded {E, ^ - 4 , 4 ' ,4" -HC=CC6H4CH=CHC6H4CH=CH 
C6H4N02(11) . 
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Scheme 2.1 
49 
P ( 0 ) ( 0 E t ) 2 
( i ) 0 , N 
O 2 N 
^ ^ ( 5 ) ( 5 9 % V - ^ ^ P ( 0 ) ( 0 E t ) 2 
( i i ) O H C ^ O k ^ ^ t M S 
O 2 N -
( 6 ) ( 9 2 % ) \ / 
S y n t h e s i s o f 5 a n d 6 . ( i ) P d ( P P h 3 ) 4 ( c a t . ) , N E t j . ( i i ) N a O M e , T H F , t h e n H j O , M e O H . 
S c h e m e 2 . 2 
Br (i) 
(7) (74%) 
P ( O B ) j 
OHC HCI 
(10) (94%) 
(iii) 
P(0)(0Et)2 
(ii) 
C H A 
(8) (100%) 
P(0)(0Et)2 
O H C - - T M S (ii) 
(9) (54%) 
O 2 N -
(11) (83%) 
S y n t h e s i s o f 7 - 1 1 . ( i ) 4 - M e C 6 H 4 S 0 3 H ( c a t . ) , t o l u e n e , ( i i ) N a O M e , T H F , t h e n H 2 O , M e O H . ( i i i ) 
A c e t o n e . 
S c h e m e 2 . 3 
s n 
The synthetic methodology employed for the preparation of the new alkynyl 
complexes (Scheme 2.4) has been successfully employed for the synthesis of related 
(chloro)bis(diphosphine)ruthenium complexes by several g r o u p s . T h e new 
complexes 12-19 were characterized by IR, 'H, '^C, and ^'P NMR spectroscopy and 
ESI mass spectrometry. IR spectra contain characteristic v(C=C) bands at 2056-2067 
cm"' for the metal-bound alkynyl group, while the ^'P NMR spectra contain one 
singlet resonance each at 49.7-50.0 ppm (dppe-containing complexes) or -5.4 - -5.9 
ppm (dppm-containing complexes), consistent with /ran^-disposed diphosphine 
ligands. 
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(4) \ ^ ' (12) (60%)^ ^ 
• (13) (44%) 
(6) 
c«-[RuCl2(L2)2] (14) (87%) 
-NOo 
(L j = dppe or dppm) (15) (57%) 
(i)NaPF,/NH4PF„ [ R u ] - ^ — ^ / = \ / \ 
(11) — ^ N O , 
(16) (36%) ^^  ^^  
(17) (46%) 
[Rul 
(18) (84%) 
[ R u ] — ^ ^ ^ N O , 
(19) (92%) 
[Ru] = (ra«j-RuCl(dppe)2 (12. 14. 16. 18. 19) 
[Ru] = rrani'-RuCl(dppm)2 (13, 15, 17) 
Scheme 3.4 
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2.3.2. Electrochemical and Linear Optical Studies 
The electrochemical properties of ?rara-bis(bidentate diphosphine)ruthenium mono-
alkynyl complexes have attracted considerable interest recently. i.2.3,6,9,io,34,.36,38,39,4i,65 
results of cyclic voltammetric studies of the new ruthenium alkynyl complexes are 
collected in Table 2.1, together with data from related complexes. 
The cyclic voltammograms (CVs) of complexes 12-25 contain a reversible or quasi-
reversible anodic wave assigned to the Ru'""' oxidation process in the range 0.49 - 0.74 
V. It is noteworthy that the highest potentials correspond to 20 and 22, which are the two 
complexes possessing 4-nitrophenylethynyl ligands - the CVs of complexes with longer 
ligands display oxidation processes in the narrower range 0.49 - 0.60 V. Replacing yne 
linkage by an E-enc group at the phenylene adjacent to the metal center (proceeding from 
19 to 21, 24 to 23, 18 to 14, 12 to 16, 13 to 17, and 25 to 15) leads to an increase in ease 
of metal-centered oxidation, but E-ens for yne replacement more remote from the metal 
center (proceeding from 18 to 12, 14 to 16, 25 to 13, and 15 to 17) leads to essentially no 
change in oxidation potential. Replacing dppe by dppm co-ligands results in most 
instances in a small increase in ease of oxidation. The cathodic behavior of these 
complexes is broadly similar. All show a reversible or quasi-reversible wave in the region 
-0.81 - -0.98 V, assigned to the nitro-centered reduction process, accompanied by a 
second and irreversible reduction process at ca -1.10 V in the case of 20 and 22 
(complexes containing the shortest alkynyl ligands). The nitro-centered reduction is 
easiest for the complexes with the 4-nitrophenylethynyl ligand (20 and 22). 
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T a b l e 2 . 1 C y c l i c V o l t a m m e t r i c D a t a f o r C o m p l e x e s 1 2 - 2 5 ' ' 
c o m p l e x ( V ) £ ^ r e d ( V ) R e f 
[ ' p c / ' p a ] [ ' p a / ' p c ] 
R u " " " 
/ r a « 5 - [ R u ( 4 - C = C C 6 H 4 N 0 2 ) C l ( d p p e ) 2 ] ( 2 0 ) 0 . 7 4 [ 0 . 9 ] - 0 . 8 4 [ 0 . 8 ] 6 
tram-[Ru{(£)-4,4'-C=CC6H4CH=CHC6H4N02}Cl(dppe)2] ( 2 1 ) 0 . 5 5 [ 1 ] - 0 . 9 8 [ 1 ] 6 
/ r a r a - [ R u ( 4 , 4 ' - C = C C 6 H 4 C = C C 6 H 4 N 0 2 ) C l ( d p p e ) 2 ] ( 1 9 ) 0 . 6 0 [ 1 ] - 0 . 9 4 [ 0 . 9 ] This work 
/ r a « 5 - [ R u { ( £ ) - 4 , 4 ' , 4 " - C = C C 6 H 4 C = C C 6 H 4 C H = C H C 6 H 4 N 0 2 } C l ( d p p e ) 2 ] ( 1 2 ) 0 . 5 7 [ 1 ] - 0 . 9 6 [ 0 . 9 ] Th i s worl< 
r r a m - [ R u { ( ^ - 4 , 4 ' , 4 " - C = C C 6 H 4 C H = C H C 6 H 4 C = C C 6 H 4 N 0 2 } C l ( d p p e ) 2 ] ( 1 4 ) 0 . 5 3 [ 1 ] - 0 . 9 2 [ 0 . 9 ] Th i s w o r k 
/ r a « 5 - [ R u { ( £ , £ ) - 4 , 4 ' , 4 " - C = C C 6 H 4 C H = C H C 6 H 4 C H = C H C 6 H 4 N 0 2 } C l ( d p p e ) 2 ] 0 . 5 4 [ 1 ] - 0 . 9 1 [ 0 . 9 ] T h i s w o r k 
( 1 6 ) 
/ r a r a - [ R u ( 4 , 4 ' , 4 " - C = C C 6 H 4 C = C C 6 H 4 C = C C 6 H 4 N 0 2 ) C l ( d p p e ) 2 ] ( 1 8 ) 0 . 5 8 [ 1 ] - 0 . 9 1 [ 0 . 9 ] Th i s w o r k 
/ r a m - [ R u ( 4 - C = C C 6 H 4 N 0 2 ) C l ( d p p m ) 2 ] ( 2 2 ) 0 . 7 2 [ 1 ] - 0 . 8 1 [ 0 . 7 ] 6 
/ r a « 5 - [ R u { ( £ ) - 4 , 4 ' - C = C C 6 H 4 C I I = C H C 6 H 4 N 0 2 } C l ( d p p m ) 2 ] ( 2 3 ) 0 . 5 6 [ 1 ] - 0 . 8 7 [ 0 . 4 ] 9 
trans-[Ru(4,4'-C=CC6H4C=CC6H4N02)Cl(dppm)2] ( 2 4 ) 0 . 5 7 [ 0 . 9 ] - 0 . 9 0 [ 0 . 7 ] 6 
r r a « 5 - [ R u { ( £ ) - 4 , 4 ' , 4 " - C = C C 6 H 4 C = C C 6 H 4 C H = C H C 6 H 4 N 0 2 } C l ( d p p m ) 2 ] ( 1 3 ) 0 . 5 4 [ 1 ] - 0 . 9 4 [ 0 . 9 ] Th i s w o r k 
/ r a « 5 - [ R u { ( £ ) - 4 , 4 ' , 4 " - C = C C 6 H 4 C H = C H C 6 H 4 C = C C 6 H 4 N 0 2 } C l ( d p p m ) 2 ] ( 1 5 ) 0 . 4 9 [ 1 ] - 0 . 9 2 [ 0 . 9 ] Th i s w o r k 
/ r a « 5 - [ R u { ( £ , £ ) - 4 , 4 ' , 4 " - C = C C 6 H 4 C H = C H C 6 H 4 C H = C H C 6 H 4 N 0 2 } C l ( d p p m ) 2 ] 0 . 4 9 [ 1 ] - 0 . 9 7 [ 0 . 9 ] Th i s w o r k 
( 1 7 ) 
/ r a m - [ R u ( 4 , 4 ' , 4 " - C = C C 6 H 4 C = C C 6 H 4 C = C C 6 H 4 N 0 2 ) C l ( d p p m ) 2 ] ( 2 5 ) 0 . 5 4 [ 1 ] - 0 . 8 6 [ 0 . 9 ] 6 
" C o n d i t i o n s : C H 2 C I 2 ; P t - w i r e a u x i l i a r y , P t w o r k i n g , a n d A g / A g C l r e f e r e n c e e l e c t r o d e s ; f e r r o c e n e / f e r r o c e n i u m c o u p l e 
l o c a t e d a t 0 . 5 6 V . 
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Absorption maximci and intensities from electronic spectra are collected in Table 2.2. 
The intense low-energy bands in ruthenium alkynyl complexes of this type have been 
previously assigned as MLCT in character.^ Intense low-energy transitions that result in 
significant changes in electron density distribution are important determinants of 
quadratic optical nonlinearity, so the optical absorption maxima and corresponding 
extinction coefficients for the MLCT bands in these complexes are potential indicators of 
their NLO merit. Developing an understanding of the effect on X-max and e of subtle 
changes in complex composition is clearly of importance. Jt-chain lengthening by 
phenyleneethynylene units, in proceeding from 22 to 24 and then 25, results in a 
progressive blue shift in absorption maximum has been reported previously,^ at first 
glance a counter-intuitive trend; however, a similar trend is seen in the present work with 
the dppe-containing analogues, in proceeding from 20 to 19, and then 18. The 
systematically-varied series of complexes listed in Table 2.1 enable additional structure-
property observations to be made: 
(i) related Jt-bridge lengthening by addition of phenyleneethynylene units, in 
proceeding from 21 to 14 or 23 to 15, leads to a blue shift in Xmax-
(ii) Ji-bridge lengthening by phenyleneethenylene units in proceeding from 20 to 21 or 
22 to 23 leads to a red-shift in X.max, but a further lengthening by phenyleneethenylene, 
in proceeding from 21 to 16, 19 to 12, 23 to 17, or 24 to 13, leads to a blue shift in 
absorption maximum. 
(iii) replacing yne linkage with an £'-ene linkage, in proceeding from 19 to 21, 18 to 14, 
12 to 16, 24 to 23, 13 to 17, 25 to 15, 18 to 12, 14 to 16, 25 to 13, or 15 to 17 results in a 
red-shift in A-niax-
(iv) there is little difference (maximum 10 nm) m Amax between analogous dppm- and 
dppe-containing complexes. 
(v) £ values for dppm/dppe complex pairs are similar, the one anomaly corresponding 
to the only complex for which the low-energy maximum is a shoulder (13). 
(vi) in comparing the effect of varying alkynyl ligands, £ values are maximized with the 
14/15 pair of complexes. 
The effect on optical spectra of ene/yne exchange in the jr-bridging unit in this series of 
complexes is illustrated in Figure 2.1. It is immediately apparent that the relative 
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strengths of the two prominent low-energy bands are affected by the nature of the 
bridging unit. An E-ene Hnkage close to the metal centre (15, 17) results in the two bands 
having comparable intensities, whereas an yne linkage in the same position (13, 25) 
results in the higher-energy band being significantly more intense. An yne linkage remote 
from the metal center (15, 25) results in more intense bands overall compared to the case 
when an E-ene linkage is at the same site (13,17). 
120-, 
1 0 0 -
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is 
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15 
13 
17 
25 — • 
Optical spectra o f 
fraf7 -^[Ru{(£;)-4,4',4"-C=CC6H4C=CC6H4CH=CHC6H4N02}CI(dppm)2](13), 
/ r a « . s - [ R u { ( £ : ) - 4 , 4 ' , 4 " - C = C C 6 H 4 C H = C H C 6 H 4 C = C C 6 H 4 N 0 2 } Cl(dppm)2] ( 1 5 ) , 
/ r a M 5 - [ R u { ( £ , £ ) - 4 , 4 ' , 4 " - C = C C 6 H 4 C H = C H C 6 H 4 C H = C H C 6 H 4 N 0 2 } Cl(dppm)2] ( 1 7 ) , and 
r r a « 5 - [ R u ( 4 , 4 ' , 4 " C = C C 6 H 4 C = C C 6 H 4 C = C C 6 H 4 N 0 2 ) C l ( d p p m ) 2 ] (25). 
Fig 2.1 
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Table 2.2 Experimental Linear Optical and Hyper-Rayleigh Scattering-Derived Nonlinear Optical Response Parameters" 
complex ^ m a x (nm) P i 064 P o p i 3 0 0 P o Ref. 
(E , 1 0 ' esu) (10-^ ° esu)" (10-^ " 
M"' cm"') esu) esu)' 
/ra«5-[Ru(4-C=CC6H4N02)Cl(dppe)2] (20) 477 (2.0) 351 ±35 
562 ± 9 
55 
88 ± 1 
6 
This work 
?ra«.v-[Ru{(^-4,4'-C=CC6H4CH=CHC6H4N02}Cl(dppe)2] (21) 489 (2.6) 2676 ± 270 342 
140 ± 5 52 ± 5 
6 
This work 
/ran5-[Ru(4,4'-C=CC6H4C=CC6H4N02)Cl(dppe)2] (19) 468 (1.8) 1240 ± 110 225 ± 20 64 ± 3 27 ± 1 This work 
/ram-[Ru{(£)-4,4',4"-C=CC6H4C=C 448 (2.5) 1800 ± 180 430 80 38 This w o r k 
C6H4CH=CHC6H4N02}Cl(dppe)2] (12) 
trans-[Ru {(£)-4,4' ,4 " -C=CC6H4CH=CH 459 (3.5) 2800 ± 280 580 90 40 This work 
C6H4C=CC6H4N02}Cl(dppe)2] (14) 
[Ru {{E, £)-4,4' ,4 " -C=CC6H4CH=CH 468 (1.6) 2525 ± 175 460 ± 32 80 ± 4 34 ± 2 This work 
C6H4CH=CHC6H4N02}Cl(dppe)2] (16) 
?ra«5-[Ru(4,4',4"-C=CC6H4C=CC6H4C=CC6H4N02)Cl(dppe)2] 429 (2.3) 1327± 110 388 ±32 42 ± 2 21 ± 1 This work 
(18) 
rra«.v-[Ru(4-C=CC6H4N02)Cl(dppm)2] (22) 473 (1.8) 767 129 9 
770 ± 18 130 ± 3 40 ± 6 16±3 Thi s w o r k 
?™-[Ru{(^-4,4'-C=CC6H4CH=CHC6H4N02}Cl(dppm)2] (23) 491 (2.6) 1964 235 9 
2120 ± 145 250 ± 17 150 ± 
10 
56 ± 4 This work 
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/ r a « 5 - [ R u ( 4 , 4 ' - C = C C 6 H 4 C = C C 6 H 4 N 0 2 ) C l ( d p p m ) 2 ] ( 2 4 ) 4 6 6 ( 1 . 4 ) 8 3 3 1 6 1 
7 8 ± 4 3 3 ± 2 
6 
T h i s w o r k 
r r a m - [ R u { ( £ ) - 4 , 4 ' , 4 " - 4 4 6 ( 1 . 1 ) 1 8 2 5 ± 1 4 0 4 4 1 ± 3 4 4 6 ± 2 2 2 ± 1 
T h i s w o r k 
C = C C 6 H 4 C = C C 6 H 4 C H = C H C 6 H 4 N 0 2 } C l { d p p m ) 2 ] ( 1 3 ) ( s h ) 
/ r a m - [ R u { ( £ ) - 4 , 4 ' , 4 " - 4 5 2 ( 4 . 9 ) 2 1 6 0 ± 6 6 4 9 5 ± 1 5 9 1 ± 4 4 1 ± 2 
T h i s w o r k 
C = C C 6 H 4 C H = C H C 6 H 4 C = C C 6 H 4 N 0 2 } C l ( d p p m ) 2 ] ( 1 5 ) 
trans-{Rn{{E,E)-A,A\A''- 4 6 6 ( 1 . 5 ) 2 0 9 0 ± 6 6 3 9 5 ± 1 2 8 6 ± 5 3 6 ± 2 T h i s w o r k 
C = C C 6 H 4 C H = C H C 6 H 4 C H = C H C 6 H 4 N 0 2 } C l { d p p m ) 2 ] ( 1 7 ) 
/ r a m - [ R u ( 4 , 4 ' , 4 " - C = C C 6 H 4 C = C C 6 H 4 C = C C 6 H 4 N 0 2 ) C l ( d p p m ) 2 ] 4 3 9 ( 2 . 0 ) 1 3 7 9 3 6 5 
6 
( 2 5 ) 
' C o n d i t i o n s : m e a s u r e m e n t s w e r e c a r r i e d o u t i n T H F ; a l l c o m p l e x e s a r e o p t i c a l l y t r a n s p a r e n t a t 1 0 6 4 a n d 1 3 0 0 n m . C o r r e c t e d 
f o r r e s o n a n c e e n h a n c e m e n t a t 5 3 2 n m u s i n g t h e t w o - l e v e l m o d e l w i t h (3o = P [ 1 - ( 2 W 1 0 6 4 ) ' ] [ 1 - ( W 1 0 6 4 ) ^ ] . ' C o r r e c t e d f o r 
r e s o n a n c e e n h a n c e m e n t a t 6 5 0 n m u s i n g t h e t w o - l e v e l m o d e l w i t h (3o = ( 3 [ l - ( 2 > ^ m a x / 1 3 0 0 ) ^ ] [ l - ( > ^ m a x / 1 3 0 0 ) ^ ] . 
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2.3.3. Theoretical Studies 
Time-dependent density functional theory (TD-DFT) calculations were undertaken to 
rationalize the linear optical spectra. Our TD-DFT calculations on the four model 
compounds delivered, for each model, the fifty lowest-energy symmetry-allowed single-
photon transitions. Of this number, only a handful of calculated transitions for each 
model (all such transitions being o f ^ ' symmetry for Cs-symmetric 12M, 14M and 16M, 
and of symmetry for Civ-symmetric 18M) have expectation va lues /g rea te r than about 
0.3 atomic units. It is these transitions which we expect to dominate the linear absorption 
spectra of compounds 12-19. 
The TD-DFT calculations reveal two different families of transitions as candidates for 
the observed >^ max values for 12, 14, 16, and 18. According to the PBE/TZP calculations 
(see Table 2.3), each of the model compounds 12M, 14M, 16M and 18M exhibits two 
transitions of notably high expectation value / , in the windows 16500—17500 cm"' and 
22700—24000 cm '. The lower-energy of these transitions ('A' for 12M and 16M, ^A' for 
14M, for 18M) is also characterized in the LB94/TZP calculations as having the 
largest / v a l u e among surveyed transitions: in the LB94/TZP calculations, this transition 
is identified as ^A' for the ethenyl-containing structures and for 18M, with calculated 
transition energies at the LB94/TZP level of theory in the range 14100—15100 cm"'. 
(Note that it is common for the transition energies determined using LB94/TZP to be 
systematically lower than the PBE/TZP values.) In contrast, the higher-energy of the 
notable PBE/TZP transifions ^A ' for 12M, U ' for 14M and 16M, for 18M) does not 
have a prominent counterpart in the LB94/TZP calculations on 14M and 18M. The ^A' 
transitions for 12M and 16M, determined using LB94/TZP at an energy o f - 2 0 0 0 0 cm"', 
have the same principal character as the corresponding PBE/TZP '^ A' (12M) or ^A' (16M) 
transitions. The strong feature determined for 18M at the LB94/TZP level of theory, 
at an energy of - 2 2 6 0 0 cm"', has no apparent counterpart in the calculated PBE/TZP 
spectrum. 
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Table 2.3 Computed significantly-allowed single-photon transitions (those with oscillator strengths e x c e e d i n g / = 0.3 a.u) for 
the model compounds 12M, 14M, 16M and 18M, obtained through PBE/TZP and LB94/TZP//PBE/TZP calculations. 
PBE/TZP LB94/TZP 
Species " Symm" n' E / e V ^ / / a . u . 
e 
Occ.^ Virt. 
/ 
Wt% 
g 
E / e V ^ ,// Occ.^ Virt.^ 
12M A' 1 1.169 0.38 ''A" 96 1 0.798 0.31 ''A" ''A" 96 
A' 3 2.089 0.70 ''A" 87 3 1.778 0.56 
27^,, 87 
A' 9 2.917 0.95 24^ „ ''A" 59 6 2.512 0.53 'U" 
27^,, 46 
A' 10 3.014 0.07 30^,, 42 10 2.758 0.47 47 
14M A' 1 1.141 0.36 ''A" 26^,, 96 1 0.787 0.31 25^,, 26^,, 95 
A' 2 1.969 0.32 'U" 26^,, 86 2 1.476 0.17 'U" ''A" 86 
A' 4 2.114 0.90 25^ „ 27^,, 85 3 1.834 0.84 25j„ 27^,, 68 
A' 7 2.511 0.37 22^,, 26^,, 31 
A' 8 2.878 0.84 'U" 27^,, 46 
A' 10 2.696 0.38 ''A" 35 
16M A' 1 1.196 0.44 ''A" 26^,, 94 1 0.848 0.34 25^,, ''A" 94 
A' 2 2.020 0.42 26^,, 81 2 1.556 0.21 24^,, 26^,, 81 
A' 3 2.051 0.69 25^,, 27^,, 86 3 1.768 0.69 25^,, 27^,, 82 
A' 8 2.829 0.61 27^,, 55 6 2.487 0.59 24^,, 27^,, 50 
A' 13 3.107 0.46 69 13 2.882 0.16 25 j „ 67 
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18M Ax 1 1.112 0.33 97 1 0.749 0.30 96 
A, 3 2.162 0.83 88 3 1.870 0.78 65 
A, 5 2.975 1.01 42 5 2.527 0.34 65 
Ax 7 2.801 0.70 70 
Ai 10 3.206 0.36 49 
Notes: 
a Notation used for calculation on model compounds is consistent with that indicated in the main text. 
b Symmetry classification of the identified transition. 
c Energy ranking of the identified transition within the indicated symmetry classification. 
d Calculated transition energy in electron volts, at the indicated level of theory. 
e Calculated transition oscillator strength, in atomic units, at the indicated level of theory. 
/ Principal pair of occupied and virtual orbitals involved in the identified transition. 
g Percentage contribution of principal-orbital character to the calculated transition, at the indicated level of theory. 
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For the ethenyl-containing models 12M, 14M and 16M, the most prominent transitions 
are consistently those of SLUMO ^ HOMO and SLUMO ^ SHOMO character, where 
SHOMO (^ "^ A" in each case) is an orbital whose principal character arises from Jt-
bonding within the second and third C2 units, HOMO ("A") exhibits Jt-bonding within 
the first C2 unit (but with some leakage into the second C2), and SLUMO ("A") displays 
cumulenic or diene-like character around the second (and, to a lesser degree, the third) C2 
unit. The LUMO itself (^^A"), which involves cumulenic or diene-like character around 
the third C2 and phenylene-nitro C-N Jt-bonding, is important to some slightly less 
intense single-photon transitions. Orbital plots for the frontier orbitals of 12M are 
displayed in Figure 2.2. 
For 18M, the lower-energy of the two prominent single-photon transitions is 
characterized as promotion from the acetylenic HOMO (dominated by electron density 
around the C=C unit directly anchored to Ru, '^^2) to the SLUMO '"^ 52 which has 
cumulenic character focussed around the second C=C unit from Ru. Orbital plots for the 
orbitals implicated in this transition, and for the other strong transitions variously 
identified at the PBE/TZP and LB94/TZP levels of theory, are shown in Figure 2.3. 
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(SHOMO): 
(HOMO): 
(LUMO): 
" / I " (SLUMO): 
. fe- Ct' 
Orbital plots for the important frontier orbitals of model compound 12M, calculated at the 
PBE/TZP level of theory. The frontier orbitals for models 14M and 16M are broadly 
similar in their composition, as described in the text. For all three ethenyl-containing 
models, the dominant symmetry-allowed single-photon transtions are those for which the 
principal occupied orbital is or and the principal virtual orbital is '^^ A". 
Figure 2.2 
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14 
Br. 
17 Bi (HOMO): 
18 B2 (LUMO): 
19 
20 Br 
Q « 
O 
B2 (SLUMO): 
y 
Orbital plots for the important frontier orbitals of model compound 18M, calculated at the 
PBE/TZP level of theory. TD-DFT calculations at the PBE/TZP and the LB94/TZP levels 
of theory yield different results for the character of the important single-photon 
transitions for this species, as described in the text. 
Fig 2.3 
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2.3.4. Spectroelectrochemical Studies 
Selected examples were oxidized in an optically-transparent thin-layer 
electrochemical ( O T T L E ) cell, the results being listed in Table 2.4, and a representative 
example being depicted in Figure 2.4. Oxidation using a potential of 0.8 V results in 
progressive replacement of spectral peaks corresponding to the starting compounds with 
those of the oxidized species, with isosbestic points in each case. The UV-vis-NIR 
spectral changes during electrochemical oxidation of / rara-[Ru(C=CR)Cl(dppe)2] (R = 
Ph, C6H4-4-C=CPh) have been reported, and resuhs in significant changes in the high-
energy region, and appearance of new low-energy bands at 12035 cm"' (R = Ph) and 
11155 cm"' (R = C6H4-4-C=CPh).^ This earlier study features complexes that lack a 
strong acceptor functionali ty, in contrast to the present work which examines complexes 
with an appended nitro substituent. Similar low-energy bands result on oxidation of 13, 
15, 17 and 25, however , little change is observed in the high-energy region. The lowest-
energy N I R bands are observed for complexes bearing an ethenyl group at the 
phenylethynyl ligated to the metal (15, 17). Electrochemical switching of cubic N L O 
properties at the wavelengths corresponding to these low-energy bands has been 
demonstra ted previously;' '^'^ the present complexes would similarly be expected to be 
prospect ive N L O molecular switches. 
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Table 2.4 Cyclic Voltammetric" and Optical Data* for Selected Complexes and Their Oxidation Products 
complex ([M]) 
E\a ['pc/'pa] 
Ru""" 
[M] 
Vmax [e] Vmax [e] 
?ra«5-[Ru{(£)-4,4',4"-C=CC6H4C=CC6H4CH=CHC6H4N02}Cl(dppm)2] (13) 0.54 [1] 22400 [1.1] 11200 [0.79] 
?ra«.?-[Ru{(£)-4,4',4"-CsCC6H4CH=CHC6H4CsCC6H4N02}CI(dppm)2] (15) 0.49 [1] 22100 [4.9] 10300 [0.88] 
/ra«^-[Ru{(£,£)-4,4',4"-CsCC6H4CH=CHC6H4CH=CHC6H4N02}Cl(dppm)2] (17) 0.49 [1] 21500 [1.5] 
9700 [0.18] 
10800 [0.16] 
/ram--[Ru(4,4',4"-C=CC6H4C=CC6H4C=CC6H4N02)Cl(dppm)2] (25) 0.54 [1] 22800 [2.0] 11400 [0.81] 
" CH2CI2; Pt wire auxiliary, Pt working, and Ag/AgCl reference electrodes (ferrocene/ferrocenium couple located at 0.56 V); 
Em in V. 
*v„,axincm-' ; [e] in lO^M-'cm"'. 
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1.5 . 
VI 
< 
0.5 -
5000 15000 25000 
Wavenumber 
35000 45000 
UV-vis-NIR spectral changes during the electrochemical oxidation of 
/ra/75-[Ru{(£)-4,4',4"-C=CC6H4CH=CHC6H4C=CC6H4N02}Cl(dppm)2](15) 
Fig 2.4 
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2.3.5. Quadratic Nonlinear Optical Studies 
The quadratic nonlinearities of 12 to 25 have been determined at 1064 nm and (for 
most complexes) 1300 nm using the hyper-Rayleigh scattering technique; the results are 
presented in Table 2.2 (page 57, 58), together with the two-level-corrected values. We 
have discussed shortcomings with the two-level model in Chapter 1. The low-energy 
bands for the present series of complexes are charge-transfer in nature and involve the 
alkynyl ligand that is the subject of systematic variation, so we have also explored the 
evolution of po upon structural modification. Trends in (3 and (3o for the 1064 nm data can 
be examined for the same compositional changes as those used to assess linear optical 
changes above, v/z: 
(i) Ji-bridge lengthening by addition of phenyleneethynylene groups, in proceeding 
from 20 to 19, results in an increase in (3, but further addition of a C6H4C=C unit in 
proceeding to 18 results in no further change; |3o values increase monotonically for this 
structural modification. 
(ii) jc-bridge lengthening by addition of phenyleneethynylene units, in proceeding from 
21 to 14 or 23 to 15, leads to no change within error margins in (3 (as in (i)), but an 
increase in |3o; both outcomes can be ascribed to the blue shift in Amax? resulting in 
reduced resonance enhancement. 
(iii) Jt-bridge lengthening by phenyleneethenylene units in proceeding from 20 to 21 or 
22 to 23 leads to an increase in |3 and Po that mirrors the red-shift in A-max- For other 
complexes, jt-bridge lengthening by the first phenyleneethenylene, in proceeding from 
19 to 12, or 24 to 13, leads to an increase in p and Po despite the blue shift in absorption 
maximum; for subsequent phenyleneethenylene addition (proceeding from 21 to 16 or 
23 to 17), p is invariant while Po increases, again the result of the blue shift in Xpiax-
(iv) replacing yne-linkage with an f'-ene linkage at the phenylene adjacent to the metal 
center, in proceeding from 19 to 21, 18 to 14, 12 to 16, 24 to 23, or 25 to 15, results in 
an increase in Pand Po accompanying the red-shift in Xmax (for the pair of complexes 
13/17, the outcome is less clear-cut, but there are difficulties in identifying the 
absorption maximum for the former). In contrast, f - ene for yne replacement more 
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remote from the metal center (proceeding from 18 to 12, 14 to 16, or 15 to 17) results in 
little change in (3 and a decrease in Po-
(v) in most instances, there is an increase in |3 and |3o upon replacing dppm by dppe co-
ligands (proceeding from 23 to 21, 24 to 19, 15 to 14, 17 to 16, or 25 to 18), although 
optical absorption maxima location and strength are similar. 
(vi) in comparing the effect of varying alkynyl ligands, values maximize with the 
same pair of complexes for which e values are maximized (14/15). 
Some of the results at 1300 nm are puzzling: increasing 7t-bridge length (proceeding from 
21/23 to 14/15 or 16/17, or from 19 to 18) results in a decrease in nonlinearity, and indeed 
the largest Puoo (and corresponding (3o) values are found for the 21/23 pair of complexes. 
The lack of correspondence in |3o values from HRS measurements at the two wavelengths is 
consistent with a lack of applicability of the two-level model for this class of complexes. 
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2.4. Conclusion 
The present studies have afforded a range of alkynylruthenium complexes that can also 
be viewed as systematically-varied hybrid OPE/OPV trimers end-capped with ligated 
metal and nitro groups. This suite of compounds has permitted assessment of the effect of 
a number of molecular modifications on electrochemical linear, and nonlinear optical 
properties. Co-ligand variation at the metal (replacing dppe by dppm) results in a small 
increase in the potential of metal-centered oxidation, an insignificant difference in optical 
absorption maximum, and a small decrease in HRS-derived (3 and (3o values at 1064 nm. 
Replacing yne linkage with E-ene group at the phenylene adjacent to the metal center 
results in an increase in ease of metal-centered oxidation, a red-shift in Xmax, and an 
increase in (3 and (3o at 1064 nm. A similar structural change remote from the metal leads 
to a red-shift in but no change in oxidation potential, [3, or f3o value. Jt-Bridge 
lengthening by adding phenyleneethenylene units results in an increase in ease of metal-
centered oxidation, and a red-shift in ^max in proceeding to 4-nitrophenyl-(£)-
ethenylphenylethynyl complexes, but a blue-shift for this structural change more remote 
from the metal center; this modification leads to an increase in Po and, in most instances, 
(3 value. Optimizing nonlinearity in this system can therefore be achieved by employing 
dppe co-ligands, and lengthening the jc-system by ene-linkage rather than yne-linkage, 
the latter a similar structure-property outcome to that in the purely organic domain. The 
TD-DFT calculations reveal that the latter structural modification has little effect on the 
nature of the crucial frontier molecular orbitals once one ene-linkage is in place; for the 
"all-yne-linked" complex, the HOMO and LUMO have a similar composition to 
complexes with ene-linkages, but the nitrophenyl contribution to the SLUMO is 
decreased, which will impact on both linear and nonlinear optical properties. 
Three further observations can be made. Firstly, the smaller data set for |3I3OO,HRS has 
not afforded structure-property outcomes with the same clarity, although the expected k-
bridge length-nonlinearity dependence has been noted. Secondly, the lack of 
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correspondence of (3o values calculated for data at different wavelengths highlights 
shortcomings in the two-level model. Finally, the appearance of low-energy bands of 
moderate intensity in the NIR region for the oxidation products of 13, 15, 17, and 25 
suggests that these complexes may show a similar potential for electrochemical switching 
of cubic nonlinearity to that already demonstrated with complexes possessing a shorter tc-
bridge. 
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3.1. Introduction 
Considerable interest has been shown in the nonlinear optical (NLO) properties of 
organometallic complexes, with the majority of studies involving propagation of 
structure-property relationships developed in organic systems into the organometallic 
domain. Organometallic complexes with a donor-jt-bridge-acceptor composition were 
shown to possess large quadratic NLO properties that could be enhanced by increasing 
donor or acceptor strength, or by bridge modification,' while compounds with extended 
JT-systems were shown to possess large cubic NLO coefficients.^ Extensive studies have 
been reported by Humphrey et al developing structure-quadratic NLO activity 
relationships for dipolar metal alkynyl complexes, and structure-cubic NLO 
trends,^'"^'^'^'^'^ ""^' but almost all complexes incorporate Ji-bridge units containing one or 
two phenyl rings coupled together in various ways. The only study examining Jt-bridge 
lengthening, in proceeding from /rara-[Ru(4-C=CC6H4N02)CI(dppm)2] to trans-
[Ru(4,4'-C=CC6H4C=CC6H4N02)Cl(dppm)2] and then / ™ - [ R u ( 4 , 4 ' , 4 " -
C=CC6H4C=CC6H4 C=CC6H4N02)Cl(dppm)2], resulted in a nonlinear increase in 
quadratic nonlinearity as measured by hyper-Rayleigh scattering (HRS) at 1064 nm 
[P1064: 767 to 833 to 1379; |3o: 129 to 161 to 365 (10'^° esu)].^ Unfortunately, attempts to 
extend the series to the four-phenyl-ring-containing bridging unit resulted in an alkynyl 
complex with minimal solubility, which hampered reaction and complex characterization, 
and rendered solution NLO studies impossible. This Chapter reports on the preparation of 
several new oligo(phenyleneethynylene)-containing alkyne ligands incorporating 
solubilizing substituents, the corresponding ruthenium alkynyl complex derivatives, 
assessment of the impact of Jt-bridge lengthening on electrochemical and linear optical 
properties, theoretical studies using time-dependent density functional theory (TD-DFT) 
directed at rationalizing our experimental observations, quadratic nonlinear optical 
properties from hyper-Rayleigh scattering studies at two wavelengths, and wide-spectral-
range wavelength-dependence studies of the cubic nonlinear optical properties of selected 
complexes from Z-scan studies. 
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3.2. Experimental Section 
3.2.1. Methods and Instrumentation 
Microanalyses were carried out at the Australian National University. UV-vis spectra 
of solutions in 1 cm quartz cells were recorded as dichloromethane solutions using a Gary 
5 spectrophotometer; bands are reported in the form frequency (cm"') [extinction 
coefficient (10'' M"' cm ')]. Infrared spectra were recorded as solutions in CH2CI2 or as 
KBr disks using a Perkin-Elmer System 2000 FT-IR; data are reported in cm"'. 'H (300 
MHz), '^C (75 MHz), and "P NMR (121 MHz) spectra were recorded using a Varian 
Gemini-300 FT NMR spectrometer and are referenced to residual chloroform (7.26 ppm), 
CDCI3 (77.0 ppm), or external H^FO^ (0.0 ppm), respectively; atom labeling follows the 
numbering scheme in Chart 3.1. Electrospray ionization mass spectra (ESI MS) were 
recorded using a Micromass/Water's LC-ZMD single quadrupole liquid chromatograph-
MS, electron impact mass spectra (EI MS) were recorded using a VG Quattro II triple 
quadrupole MS, and high resolution (HR) EI MS were recorded using Fisons 3-Secor VG 
AuoSpec MS; all mass spectrometry peaks are reported as m/z (assignment, relative 
intensity). Cyclic voltammetry measurements were recorded using a MacLab 400 
interface and MacLab potentiostat from eDAQ Pty Ltd. The supporting electrolyte was 
0.1 M (NBu"4)PF6 in distilled, deoxygenated CH2CI2. Solutions containing ca 1 x 10"^  M 
complex were maintained under nitrogen. Measurements were carried out at room 
temperature using Pt disc working-, Pt wire auxiliary- and Ag/AgCl reference- electrodes, 
such that the ferrocene/ferrocenium redox couple was located at 0.56 V (peak separation 
ca 0.09 V). Scan rates were typically 100 mV s ' . 
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3.2.2. Synthesis of Terminal Alkynes andAlkynyl Ruthenium Complexes 
All reactions were performed under a nitrogen atmosphere with the use of Schlenk 
techniques unless otherwise stated. Tetrahydrofuran (THF) was dried by distilling over 
sodium/benzophenone; all other solvents were used as received. Petrol is a fraction of 
boiling range 60-80 °C. Chromatography was performed on silica gel or ungraded basic 
alumina. Ethynyltrimethylsilane (Wacker), /er/-butyllithium (concentration determined 
prior to reaction by titration against diphenylacetic acid), 1,2-diiodoethane, 4-bromo-l-
iodobenzene, bromine, iodine, sodium hexafluorophosphate, tetra-«-butylammonium 
fluoride, copper(l) iodide, sodium sulfite, magnesium sulfate, sodium acetate, sodium 
bicarbonate, potassium iodate, PdCl2(PPh3)2, and Pd(PPh3)^ (Aldrich) were used as 
received. The following were prepared by literature procedures: 1,4-diethoxybenzene,^^ 
l,4-dibromo-2,5-diethoxy benzene," 4-Me3SiC=CC^HJ, 4-HC^CC^H^NO,,' ' 4-
HC^CC^H,C=CSiPr '3," 4,4'-IC^H^C=CqH^C=CSiPr'3, ' ' c/5-[RuCl,(dppe)J, cis-
[RuCl^(dppm)J," rran5-[Ru(4-C=CC6H4N02)Cl(dppe)2] (25),"" ?ra«5-[Ru(4,4'-C=C 
C6H4C=CC6H4N02)Cl(dppe)2] (26), ?ra«5-[Ru(4,4',4"-C=CC6H4C=CC6H4C=C 
C6H4N02)Cl(dppe)2] (27),'" rra«5-[Ru(4-C=CC6H4N02)Cl(dppm)2] (28),'° trans-
[Ru(4,4'-C=CC6H4C=CC6H4N02)Cl(dppm)2] (29), rra«5-[Ru(4,4',4"-C=CC6H4C=C 
C6H4C=CC6H4N02) Cl(dppm)2] (30).® 
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CH, 
H3 O CH2 
Ph ji^ n Ph H^O p~y H,e H26 H2, Br—C. X,—I 
Ph-X/ -P . 
CI RU —C, = C2-C3 Ce-CyiCs-Cs 0,2-0,5^ 0,6 0,7 ):2OC23 024C25 "Ojb NO2 / \ 
Hj 0 CH2 
Ph^  \K? ^ > ' 4 ^ /CH3 
Ph 0,—Br c,=Os C,oC„ ;c,ec',7 ;C2,:0'25 % / / ' 
Ol-Ru —0,=02-03 C6-07i0s-09 0,20,3 = 0,4 0,5 ~C„ 02,1022 023 .Cje NO2 Cs —Oe 
p. V p. ^ O 
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p^  p Ph ^ ^ -C2„C', ;02sCl7 ^ 
ph^V Ph / \ / \ 
» r \ 1_I LI 
Atom labeling for NMR assignments. 
Chart 3.1 
3.2.2.1. Synthesis of l-Bromo-2,5-diethoxvbenzene (1). 
1,4-Diethoxybenzene (9.106 g, 54.8 mmol) and sodium acetate (4.944 g, 54.8 mmol) 
were dissolved in acetic acid (300 mL) and a mixture of bromine (2.80 mL, 54.8 mmol) 
and acetic acid (30 mL) was added dropwise over 5 h. The reaction mixture was stirred at 
room temperature overnight, and then poured into water (500 mL). The resultant solution 
was extracted with chloroform (2 x 150 mL). The organic extracts were combined and 
neutralized with NaHCOs solution, dried over MgS04, filtered, and the solvent removed 
to yield a brown oil. The crude compound was distilled to give the product as a colorless 
oil (11.415 g, 85%). EI MS: 244 ([M]^ 50), 216 ([M - C2H,]\ 20), 188 ([M - 2C2H4f, 
100), 159 ([M - 20C2H5]^ 15). HR EI MS: CioHi3'''Br02: calcd 244.0099, found 
244.0099. UV-vis: 33800 [0.33]. IR (CH2CI2): 1603 v(C=C). 'H NMR: 5 1.38 and 1.43 
(2m, 2 X 3H, CH3), 3.97 and 4.04 (2 m, 2 x 2H, CH2), 6.76-6.85 (m, IH, Ha), 7.12 (d, 2H, 
H3, H4)'. '^C NMR: <3 14.5 (CH3), 63.6, 65.1 (CH2), 112.3 (C,), 113.7 (C4), 114.2 (C3), 
119.1 (C6), 149.2 (C2), 153.0 (C5). 
81 
3.2.2.2. Synthesis of 4-Bromo-2J-diethoxv-l-iodobenzene (2). 
l-Bromo-2,5-diethoxybenzene (1) (4.000 g, 16.3 mmol), iodine (4.201 g, 16.5 mmol), 
and potassium iodate (1.744 g, 8.2 mmol) were dissolved in a mixture of acetic acid (40 
mL), CCI4 (3 mL), water (1 mL), and H2SO4 (2 mL). The reaction mixture was refluxed 
for 5 h. A solution of Na2S03 was added to the reaction mixture until the brown color 
disappeared. The reaction mixture was poured into 500 mL ice/water bath. The solution 
was extracted with chloroform (5 x 70 mL). The combined organic phase was 
neutralized with NaHCOs solution, dried over MgS04, and the solvent was reduced in 
volume to yield the product as a white powder (4.314 g, 71%). EI MS: 370 ([M]'', 100), 
342 ([M - C2H4]^, 50), 314 ([M - 2C2H4]^ 100). Anal. Calcd for CioHi2BrI02: C, 32.37; 
H, 3.49. Found: C, 32.72; H, 3.49%. UV-vis: 32800 [0.65]. IR (CH2CI2): 1608 v(C=C). 
'H NMR: (5 1.44 (t, Jhh = 7 Hz, 6H, CH3), 4.02 (q, Jhh = 7 Hz, 4H, CH2), 6.99 (s, IH, 
H3), 7.28 (s, IH, He). '^C NMR: 5 14.8 (CH3), 66.0, 66.1 (CHj), 85.0 (C,), 112.6 (C4), 
117.3 (C3), 124.4 (Ce), 150.3 (C5), 152.5 (C2). 
3.2.2.3. Synthesis 0f2.5-(Et0)7-4-BrCM7_C=C-4-C,H4N07_ (3). with Mr. L. Rigamonti 
PdCl2(PPh3)2 (28.6 mg, 0.03 mmol), Cul (5.8 mg, 0.03 mmol) and 4-HC=CC6H4N02 
(221.6 mg, 1.51 mmol) were added to a solution of 2 (559 mg, 1.51 mmol) in NEts (50 
mL) and CH2CI2 (10 mL) and the mixture was stirred at room temperature overnight. The 
mixture was taken to dryness and the crude product purified by column chromatography 
on silica, elufing with petroI/CH2Cl2 (1:1). Reduction of the solvent volume on a rotary 
evaporator afforded 3 as a fibery yellow solid (558 mg, 95%). El MS: 391 ([M]^ 100), 
334 ([M - C4H9r, 30). Anal. Calcd for Ci8Hi6BrN04: C, 55.40; H, 4.13; N, 3.59. Found: 
C, 55.27; H, 4.54; N, 3.83%. UV-vis: 27000 [2.0]. IR (CH2CI2): 2221 v{C^C). 'H NMR: 
<5 1.46 + 1.48 (2 t, Jhh = 7 Hz, 2 x 3H, CH3), 4.08 + 4.09 (2 q, Jhh = 7 Hz, 2 x 2H, CH2), 
7.02 (s, IH, H,9), 7.13 (s, IH, Hie), 7.66 (d, Jhh = 9 Hz, 2H, H24), 8.22 (d, Jhh = 9 Hz, 
2H, H25). " C NMR: 5 14.9 (CH3), 65.4, 65.8 (CH2), 90.9, 92.2 (C23, C24), 111.3 (C20), 
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1 1 4 . 8 ( C N ) , 1 1 7 . 7 , 1 1 7 . 9 (C.G, C 2 , ) , 1 2 3 . 7 (C27), 1 3 0 . 4 (C25), 1 3 2 . 2 (C26), 1 4 7 . 0 (C22), 
1 4 9 . 4 (C28-), 1 5 4 . 3 (C19). 
3.2.2.4. Synthesis of 4-Me,SiC=C-2.5-fEt0)2C^H2rl-C=CCM,-4-N07 (4). with Mr. I . 
Rigamonti 
PdCl2(PPh3)2 (34.5 mg, 0.05 mmol), Cul (7.3 mg, 0.04 mmol) and HC^CSiMej (0.2 mL, 
1.42 mmol) were added to a solution of 3 (395 mg, 1.01 mmol) in NEts (40 mL) and 
CH2CI2 (10 mL). The mixture was stirred at room temperature for 5 h and under reflux 
overnight. The mixture was taken to dryness and the crude product purified by column 
chromatography on silica, eluting with petrol/CH2Cl2 (1:1). Reduction of the solvent 
volume on a rotary evaporator afforded 4 as a yellow solid (413 mg, 82%). El MS: 407 
([M]^ 60), 377 ([M - 2CH3]^ 15). HR El MS C23H25N04Si: calcd 407.1553, found 
407.1555. Anal. Calcd for C23H25N04Si.0.1CH2Cl2: C, 66.69; H, 6.11; N, 3.37. Found: C, 
6 6 . 5 0 ; H, 5 . 8 8 ; N, 3 . 3 7 % . UV-vis: 2 6 1 0 0 [2 .4] . IR (CH2CI2): 2 0 6 3 v(C=C). 'H NMR: (5 
0 . 2 7 (s, 9 H , Me), 1 . 4 5 + 1 . 4 7 ( 2 t, Jhh = 6 Hz, 2 x 3 H , CH3), 4 . 0 5 + 4 . 0 7 (2 q, Jhh = 6 Hz, 
2 x 2H, CH2), 5.28 (s, 0.2H, CH2CI2), 6.97 + 6.98 (2 s, 2H, H,6 and H,,), 7.66 (d, Jhh = 9 
Hz, 2H, H24), 8.22 (d, Jhh = 9 Hz, 2H, H25). "C NMR: (5 14.9 (CH3), 65.1, 65.4 (CH2), 
9 1 . 4 (Cis), 9 2 . 9 (C,6), 1 0 0 . 8 , 101 .1 (C24, C23), 1 1 2 . 7 (Cn), 115 .1 (C20), 1 1 7 . 2 , 1 1 7 . 3 (C,8, 
C2r), 1 2 3 . 7 (C27), 1 3 0 . 4 (C25), 1 3 2 . 2 (C26), 1 4 6 . 9 (Czs), 1 5 3 . 7 , 1 5 3 . 9 (C22, C,,). 
3.2.2.5. Synthesis of 4-HC^C-2.5-rEtO)yC,H7^-l-C=CC,H,-4-NO, (5). with Mr. L. 
Rigamonti 
NBu"4F (1 mL, 1 M solution in THE) was added to a solution of 4 (170 mg, 0.42 mmol) 
in CH2CI2 (15 mL). The dark green solution was stirred at room temperature for 2 h. The 
mixture was filtered through a short pad of silica, eluting with petrol/CH2Cl2 (1:1), the 
yellow fraction collected and the solvent reduced, affording 5 as a yellow solid (138 mg, 
9 8 % ) . El MS: 3 3 5 ([M]^ 1 0 0 ) , 3 2 0 ([M - CRit, 10) . Anal. Calcd for C2oH,7N04: C, 
7 1 . 6 3 ; H , 5 . 6 9 ; N , 3 . 8 2 . F o u n d : C , 7 1 . 3 6 ; H , 5 . 1 0 ; N , 4 . 0 8 % . U V - v i s : 2 6 4 0 0 [2 .12] . I R 
(CH2CI2): 3 2 9 8 v(=C-H) 2 2 1 4 v(C=C). 'H NMR: <5 1 .45 + 1 . 4 7 (2 t, Jhh = 7 Hz, 2 x 3 H , 
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C H J ) , 3.39 (s, IH, Hn) , 4.08 + 4.10 (2 q, J h h = 7 Hz, 2 x 2H , CH2), 7.00 (s, 2H, H,6 and 
H19) , 7.66 (d, J h h = 9 Hz, 2H, H24), 8.22 (d, J h h = 9 Hz, 2H, H25). '^C NMR: (5 14.8 
( C H 3 ) , 65.2 ( C H 2 ) , 79.8 (C16), 83.1 (C 15) , 91.2, 92.9 (C24, C23), 113.2, 113.9 (Cn, C20), 
117.0, 117.7 ( C 2 , , Cis), 123.7 (C27), 130.3 (C25), 132.3 (C26), 147.0 (Czg), 153.6, 153.9 
(CI9 ' , C22). 
3.2.2.6. Synthesis of 4-Pr',SiC=CT,M4C=CC,Hj_-2.5-fOEt)y_-4-Br (6). with Mr. L. 
Rigamonti 
PdCl2(PPh3)2 (49 mg, 0.07 mmol), Cul (17 mg, 0.09 mmol) and 4-HC=CC6H4C=CSiPr'3 
(583 mg, 2.06 mmol) were added to a solution of 2 (765 mg, 2.06 mmol) in C H 2 C I 2 (50 
mL) and NEt3 (10 mL). The mixture was stirred at room temperature for 2 days, taken to 
dryness, and the crude product purified by column chromatography on silica, eluting with 
petrol/CH2Cl2 (1:1). Reduction in volume of the solvent on a rotary evaporator afforded 6 
as a white solid (900 mg, 83%). EI MS: 526 ( [M] \ 100), 483 ([M - OEt]^ 65). Anal. 
Calcd for C29H37Br02Si.0.25CH2Cl2: C, 64.25; H, 6.91. Found: C, 64.24; H, 6.36%. UV-
vis: 29070 [3.1], 32468 [3.6]. IR (KBr): 2155 v(C^C). ' H N M R : 8 1.13 (s, 21H, Pr'), 1.45 
+ 1 . 4 7 ( 2 t, J h h = 7 H z , 6 H , C H 3 ) , 4 . 0 7 ( q , J h h = 7 H z , 4 H , C H 2 ) , 5 . 2 8 (s , 0 . 5 H , CH2CI2) , 
7.02 (s, IH, Hio), 7.11 (s, IH, H,, ), 7.45 (s, 4H, H4 and H5). '^C NMR: 6 11.4 (Pr'), 14.9 
( C H 3 ) , 18.7 (Pr'), 65.5, 65.7 ( C H 2 ) , 87.2 (C2) , 92.8, 93.8 (C7 and C,), 106.7 (C,), 112.4, 
113.6 (C9, C,2), 117.7, 118.1 (Cio, Cu), 123.2, 123.4 (C3, Ce), 131.3, 132.0 (C4, C5), 
149.4 (Cn), 154.1 ( C h ) . 
j . 2 . 2 7. Synthesis 0f4-0,NC,H,C^CC,H^-2.5-r0Et),-4-C^CC,H,-4-C^CSiMei (7). 
Method A. PdCl2(PPh3)2 (13.5 mg, 0.019 mmol), Cul (3.7 mg, 0.019 mmol) and 5 (130 
mg, 0.387 mmol) were added to a solution of 4-Me3SiC=CC^HJ (172 mg, 0.387 mmol) 
in NEt3 (30 mL) and C H 2 C I 2 (10 mL). The mixture was stirred at room temperature for 2 
days, taken to dryness, and the crude product purified by column chromatography on 
silica, eluting with petrol/CH2Cl2 (3:1). Reduction of the solvent volume on a rotary 
evaporator afforded 7 as an orange solid (98 mg, 50%). 
84 
Method B. Pd(PPh3)4 (36.8 mg, 0.579 mmol) and 5 (194.1 mg, 0.579 mmol) were added 
to a solution of 4-BrC^HJ (207 mg, 0.732 mmol) in NEtj (40 mL) and CH2CI2 (10 mL). 
The mixture was stirred at room temperature for 2 days. To the mixture, 
ethynyltrimethylsilane (84 mg, 0.855 mmol) was added and the reaction mixture was 
heated at reflux overnight. The mixture was taken to dryness and the crude product 
purified by column chromatography on silica, eluting with petrol/CH2Cl2 (3:1). 
Reduction of the solvent volume on a rotary evaporator afforded 7 as a brown solid 
crystallization by diffusion of hexane into a CHCI3 solution, gave an orange 
microcrystalline product (254 mg, 86%). El MS: 507 ([M]^ 100), 477 ([M - I C U i t , 20). 
Anal. Calcd for C3iH29N02Si.0.4CH2Cl2: C, 69.63; H, 5.55; N, 2.59. Found: C, 69.38; H, 
5.65; N, 2.48%. UV-vis: 23800 [5.7], 31900 [4.0]. IR (KBr): 2203, 2046 v(C^C). 'H 
NMR: (5 0.26 (s, 9H, SiCHj), 1.49 (t, Jhh = 7 Hz, 6H, CH3), 4.11 (q, Jhh = 7 Hz, 4H, 
CH2), 5.28 (s, 0.8H, CH2CI2), 7.02 (s, 2H, H,6, H19), 7.46 (AA'BB' , 4H, H,o,Hn), 7.67 
(d, Jhh = 9 Hz, 2H, H24), 8.23 (d, Jhh = 9 Hz, 2H, H25). '^C NMR: (5 0.1 (SiCH3), 15.1 
(CH3), 65.2, 65.4 (CH2), 91.6, 93.2 (C,3, Cu), 95.3, 96.7 (C2,, C22), 104.8, 106.1 (C7, Cg), 
112.9 (C15), 115.3 (C24), 117.1, 117.3 (C,6, C,9), 123.3, 123.4 (C9, Cn), 123.8 (C25), 
130.6 (C23), 132.1 (C,o,Cii), 132.4 (C23), 147.1 (C,,), 153.6, 154.0 (C,o). 
3.2.2.8. Synthesis 0f4-07NCM,C=CC^i-2.5-f0Et)^-4-C=CC^H4-4-C^CH (8). 
NBu"4F (1.5 mL of a 1 M solution in THE) was added to a solution of 7 (201 mg, 0.395 
mmol) in CH2CI2 (30 mL). The orange solution darkened in hue, and was stirred at room 
temperature overnight. The resultant mixture was filtered through a short pad of silica, 
eluting with petrol/CH2Cl2 (1:1), the orange eluate collected, and the solvent reduced in 
volume, affording 8 as an orange solid (122 mg, 71%). El MS: 435 ( [M]\ 100), 405 ([M 
- 2CH3]^ 20). Anal. Calcd for C28H21NO4: C, 77.23; H, 4.86; N, 3.22. Found: C, 76.78; 
H, 5.16; N, 3.29%. UV-vis: 25100 [7.8], 31300 [8.2]. IR (CH2CI2): 3296 v(H-C^), 2203 
v(C=C). 'H NMR: 5 1.49 (t, Jhh = 7 Hz, 6H, CH3), 3.19 (s, IH, H7), 4.12 (q, Jhh = 7 Hz, 
4H, CH2), 7.03 (s, 2H, His, H19), 7.66 (d, Jhh = 9 Hz, 2H, H24), 8.22 (d, Jhh = 9 Hz, 2H, 
H25). " C NMR: (5 15.1 (CH3), 65.2, 65.4 (CH2), 79.3 (C7), 83.1 (Cg), 87.9, 91.6 (C,3, 
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CM), 93.2, 95.1 (C21, C22), 113.0, 115.1 (C,5, Cu), 117.1, 117.3 (C,6, C,,), 122.2 (C9, 
C12), 123.7 (C25), 130.5 (C23), 132.3 (Cio, C,,), 132.4 (C24), 147.1 (C26), 153.6, 154.0 
(CI7, C20). 
3.2.2.9. Synthesis 
PdCl2(PPh3)2 (27 mg, 0.039 mmol), Cul (5.6 mg, 0.029 mmol) and 5 (341 mg, 1.02 
mmol) were added to a solution of 2 (393 mg, 1.06 mmol) in NEts (40 mL) and CH2CI2 
(10 mL). The mixture was stirred at room temperature overnight, taken to dryness, and 
the crude product purified by column chromatography on silica, eluting with 
petrol/CH2Cl2 (3:1) to remove the excess of 2 and then CH2CI2 to elute the target 
compound. Reduction of the solvent volume on a rotary evaporator afforded 9 as an 
orange solid (589 mg, 95%). EI MS: 579 ([M]^ 70), 549 ([M - 2CH^]\ 10). Anal. Calcd 
for C3oH28BrN06: C, 62.29; H, 4.88; N, 2.42. Found: C, 61.93; H, 5.12; N, 2.37%. UV-
vis: 29100 [10.2], IR (CH2CI2): 2206 v(C=C). 'H NMR: 6 1.49 (m, 12H, CH3), 4.12 (m, 
8H, CH2), 7.02 (s, IH , H,3), 7.04 (s, 2H, Hig, H2,), 7 . 1 1 (s, I H , Hio), 7.67 (d, Jhh = 9 Hz, 
2 H , H26), 8 .22 (d, J h h = 9 H z , 2 H , H27). '^C N M R : <5 15.1 (CH3), 65 .3 , 65.5, 65 .6 , 65 .9 
(CH2), 90.5, 93.1 (Ci5, C16), 91.8 (C23, C24), 112.7, 112.8 (Cn, C20), 113.8 (Cn), 115.7 
(C9), 117.2, 117.4, 118.1, 118.4 (C,o, Cn, C ,8, C21), 123.9 (C27), 130.6 (C25), 132.4 (C26), 
147.1 (C28), 149.5 (Cm), 153.4 (C,,), 154.0, 154.1 (C,9, C22). 
3.2.2.10. Synthesis of 4-07NC,H,C^CC,Hi-2.5-(0Et)2r4-C^CC,Hi-2.5-{0Et),_-4-
C^CSiMe, (10). 
PdCl2(PPh3)2 (23.8 mg, 0.03 mmol), Cul (6.3 mg, 0.03 mmol) and HC=CSiMe3 (0.11 
mL, 0.78 mmol) were added to a solution of 9 (296 mg, 0.51 mmol) in NEt3 (40 mL) and 
CH2CI2 (10 mL). The mixture was stirred at room temperature for 4 h and under reflux 
overnight. The mixture was taken to dryness and the crude product purified by column 
chromatography on silica, eluting with petrol/CH2Cl2 (1:3). Reduction in volume of the 
solvent on a rotary evaporator afforded 10 as an orange solid (305 mg, 82%). El MS: 595 
( [ M f , 100), 565 ([M - 2CH3]^ 50). Anal. Calcd for C35H37N06Si.0.25CH2Cl2: C, 68.62; 
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H, 6.13; N, 2.27. Found: C, 68.23; H, 6.35; N, 2.43%. UV-vis: 24800 [3.5], 31800 [2.8]. 
IR ( C H 2 C I 2 ) : 2206, 2151 v(C=C). 'H NMR: 6 1.49 (m, 12H, C H 3 ) , 4.10 (m, 8H, CH2) , 
5 . 2 8 ( s , 0 . 5 H , C H 2 C I 2 ) , 6 . 9 5 , 6 . 9 9 , 6 . 0 2 , 6 . 0 4 ( 4 s, 4 H , H,o , H n , H , 8 , H 2 , ) , 7 . 6 5 ( d , J h h = 
9 Hz, H26), 8.22 (d, Jhh = 9 Hz, H27). '^C NMR: (5 0.0 (SiMej), 14.9 ( C H 3 ) , 65.3 (CH2) , 
88.5, 89.3 (C7, Cg), 94.3, 94.4 (Cn, Cm), 100.7, 101.0 (C,9, C20), 113.7, 114.3 (C9, Cn), 
117.2, 117.3 (Cio, CuO, 117.7, 118.1 (C,5, Cig), 123.7 (C23), 130.0 (C21) , 131.7, 131.8 
(C,6, Cn) , 132.3 ( C 2 2 ) , 147.1 ( C 2 4 ) , 153.5 (C,o-, C,,). 
3.2.2.11. Synthesis of 4-07NCM4C=CC^H7-2.5-{OEt)i-4-C=CC^Hi-2.5-('OEt)y-4-C=CH 
an. 
NBu"4F (0.8 mL of a 1 M solution in THE) was added to a solution of 10 (200.5 mg, 
0.395 mmol) in C H 2 C I 2 (30 mL). The orange solution darkened in hue, and was stirred at 
room temperature overnight. The resultant mixture was filtered through a short pad of 
silica, eluting with petrol/CH2Cl2 (1:3), the orange eluate collected, and the solvent 
removed. The residue was dissolved in CH2CI2 , MeOH added, and the solvent volume 
slowly reduced, affording 11 as an orange solid (132 mg, 76%). EI MS: 523 ([M]^ 10), 
493 ([M - 2CH3]^ 5). Anal. Calcd for C32H29NO6.O.5CH3OH: C, 72.34; H, 5.79; N, 2.60. 
Found: C, 72.03; H, 6.04; N, 2.60%. UV-vis: 24600 [3.1], 31950 [2.5], IR (CH2CI2) : 
3299 v(H-C^), 2208, 2109 v(C^C). 'H NMR: 5 1.46 (m, 12H, CH3), 3.37 (s, IH, H7), 
3 . 4 8 ( s , 1 . 5 H , C H 3 O H ) , 4 . 1 1 ( m , 8 H , C H 2 ) , 6 . 9 9 , 7 . 0 5 (2 s, 2 H , H18, H2 , ) , 7 . 0 2 (s , 2 H , 
Hio, Hn) , 7.66 (d, JHH = 8 Hz, 2H, H26), 8.22 (d, JHH = 8 Hz, 2H, H27). " C NMR: <5 5.1 
( C H 3 ) , 6 5 . 2 , 6 5 . 3 ( 2 C ) , 6 5 . 4 ( C H 2 ) , 8 0 . 2 (C7) , 8 2 . 7 (Cg) , 9 1 . 7 , 9 2 . 1 ( C , 5 , C i e ) , 9 3 . 2 , 1 0 0 . 2 
(C23, C24), 112.8, 113.0 (C12, C,9), 114.8, 115.6 (Cn, C20), 117.3, 117.4, 117.4, 118.2 
(Cio, C,3, C,8, C 2 1 ) , 123.7 (C27), 130.6 (C25), 132.4 (C26), 147.1 (C28), 153.0, 153.1, 153.4, 
153.5 (Ci i ,C,4 ,C,9, C22). 
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3.2.2.12. Synthesis of 4-Pr\_SiC=rr,H._C^CC,Hi-2.5-(OEt)i-4-C^C^^ 
CEC C6H4-4-NO, (12). with Mr. L. Rigamonti 
Pd(PPh3)4 (16 mg, 0.01 mmol) and 5 (104 mg, 0.31 mmol) were added to a solution of 6 
(163 mg, 0.31 mmol) in NEts (30 mL). The mixture was stirred under reflux for 2 days. 
The mixture was taken to dryness and the crude product purified by column 
chromatography on silica, eluting with petrol/CH2Cl2 (1:1). Reduction in volume of the 
solvent on a rotary evaporator afforded 12 as an orange solid (60 mg, 25%). EI MS: 779 
( [ M f , 10). Anal. Calcd for C49H53N06Si.0.67CH2Cl2: C, 73.59; H, 6.76; N, 1.73. Found: 
C, 73.81; H, 7.21; N, 1.70%. UV-vis: 24600 [4.9]. IR (KBr): 2211, 2156 v(C^C). 'H 
NMR: (5 1.13 (s, 21H, Pr'), 1.49 (m, 12H, CH3), 4.13 (m, 8H, CH2), 5.28 (s, 1.3H, 
CH2CI2), 7.02, 7.03, 7.04, 7.06 (4 s, 4H, H,o, Hn, His, H21), 7.46 (s, 4H, H4, H5), 7.66 (d, 
JHH = 9 Hz, 2H, H26), 8.22 (d, JHH = 9 Hz, 2H, H27). '^C NMR: <5 11.4, 18.7 (Pr^, 15.0 
(CH3), 65.2 (CH2), 77.5 (Ci), 87.8 (C2), 91.4, 91.6, 92.2, 92.9, 93.0, 94.9 (C7, Cg, C,5, 
C16, C23, C24), 106.7, 112.6, 114.2, 115.6 (C9, C,2, C17, C20), 117.1, 117.3 (Cio, C13, C,8, 
C21), 123.2, 123.4 (C3, Cfi), 123.7 (C27), 130.5 (C25), 131.4, 132.0, 132.2 (C4, C5, C26), 
146.9 (C28), 153.3, 153.4, 153.5, 153.8 (Cn, C,4, C,9, C22). 
3.2.2.13. Synthesis of 4-Me^SiC=CC6HjC=CC^i-2.5-fOEt)7-4-C^CCM,-2.5-fOEt)y-4-
C=C C,H,-4-N0I (13). 
PdCl2(PPh3)2 (23.6 mg, 0.034 mmol), Cul (4.3 mg, 0.023) and 11 (293.2 mg, 0.56 mmol) 
were added to a solution of 4-BrC^H^I (176.8 mg, 0.625 mmol) in NEt3 (30 mL) and 
CH2CI2 (10 mL). The mixture was stirred at room temperature overnight. HC=CSiMe3 
(0.2 mL, 1.43 mmol) was added, and the reaction mixture was stirred at room 
temperature for 2 h and under reflux overnight. The mixture was taken to dryness and the 
crude product purified by column chromatography on silica, eluting with petrol/CH2Cl2 
(3:1) to remove the impurities, and then CH2CI2 to elute the product. Reduction of the 
solvent volume on a rotary evaporator afforded 13 as an orange solid (207 mg, 54%). EI 
MS: 695 ([M]^ 90), 665 ([M - 2CH3]^ 25). Anal. Calcd for C43H4,N06Si.0.25CH2Cl2: 
C, 72.44; H, 5.83; N, 1.95. Found: C, 72.77; H, 6.35; N, 2.06%. UV-vis: 24300 [4.3], 
31000 [3.4], IR (CH2CI2): 2213, 2155 v(C=C). 'H NMR: 3 0.26 (s, 9H, SiCH3), 1.49 (m, 
12H, CH3), 4.13 (m, 8H, CH2), 5.28 (s, 0.5H, CH2CI2), 7.01, 7.03, 7.04, 7.06 (4 s, 4H, 
Hio, Hi3, H,8, H21), 7.46 (s, 4H, H4 and H5), 7.66 (d, Jhh = 9 Hz, 2H, H26), 8.22 (d, Jhh = 
9 Hz, 2H, H27). '^C NMR: <5 15.0 (CH3), 65.2 (CH2), 87.7 (C,), 91.4, 91.5 (C7, Cg), 92.2, 
92.9 (C,5, C16), 93.0, 94.8 (C23, C24), 106.7 (C2), 112.5, 114.0, 114.2, 115.8 (C9, C,2, Cn, 
C20), 117.0, 117.1, 117.2, 117.3 (Cio, Cn, C.g, C2,), 123.2, 123.4 (C3, Ce), 123.7 (C27), 
130.4 (C25), 131.3, 132.0 (C4, C5), 132.2 (C26), 146.9 (C28), 153.3, 153.4, 153.5, 153.8 
(Cll, Ci4, Cl9, C22). 
3.2.2.14. Synthesis of 4-HC=CC^H4C=CCMi-2J-(OEt)7-4-C=CC,H2_-2.5-fOEt)7-4-
C=CC6Hj-4-NO? (14). with Mr. L. Rigamonti 
Method A. N B u ^ F (0.2 mL, 1 M solution in THF) was added to a solution of 12 (55 mg, 
0.42 mmol) in CH2CI2 (20 mL). The orange solution was stirred at room temperature for 
24 h. The mixture was filtered through a short pad of silica, eluting with CH2CI2, the 
yellow fraction collected and the solvent reduced in volume, affording 14 as an orange 
solid (45 mg, 100%). 
Method B. NBu^F (0.4 mL, 1 M solution in THF) was added to a solution of 13 (165.2 
mg, 0.24 mmol) in CH2CI2 (20 mL). The solution was stirred at room temperature for 24 
h. The mixture was filtered through a short pad of silica, eluting with CH2CI2, the yellow 
fraction collected and the solvent reduced in volume, affording 14 as an orange solid (83 
mg, 57%). EI MS: 623 ([M]^ 100). Anal. Calcd for C40H33NO6.O.33CH2CI2: C, 74.18; H, 
6.29; N, 2.15. Found: C, 74.27; H, 6.24; N, 1.82%. UV-vis: 24300 [2.7], 31300 [2.1]. IR 
(CH2CI2): 3299 v(H-C=), 2209 v(C=C). 'H NMR: 5 1.49 (m, 12H, CH3), 3.18 (s, IH, 
Hi), 4.13 (m, 8H, CH2), 5.28 (s, 0.67H, CH2CI2), 7.02, 7.03, 7.04, 7.06 (4 s, 4H, Hio, Hu, 
H,8, H21), 7.48 (s, 4H, H4 and H5), 7.66 (d, Jhh = 9 Hz, 2H, H26), 8.22 (d, Jhh = 9 Hz, 2H, 
H27). " C NMR: 5 15.0 (CH3), 65.3 (CH2), 79.0 (C,), 83.3, 88.0, 91.5, 91.6, 92.2, 93.0, 
94.5 (C2, C7, Cg, C,5, C,6, C23, C24), 112.6, 114.3, 115.5 (2C) (C9, C,2, Cp, C20), 117.1, 
117.2, 117.3 (2C) (C,o, Cn, C,8, C2,), 121.9 (C3, Ce), 123.7 (C27), 130.5 (C24), 131.4, 
132.2 (2C) (C4, C5, C26), 146.9 (C28), 153.3, 153.4, 153.5, 153.8 (Cn, CM, C19, C22). 
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3.2.2.15. Synthesis of 4-Me.SiC^CC,H.-l-C^C,H4-4-C^CC,Hi-2,^ 
C,H4-4-N0,J15). 
PdCl2(PPh3)2 (16 mg, 0.023 mmol), Cul (4 mg, 0.02 mmol) and 4-BrC6H4l (119.6 mg, 
0.42 mmol) were added to a solution of 8 (162 mg, 0.37 mmol) in NEt3 (45 mL) and 
CH2CI2 (15 mL). The mixture was stirred at room temperature overnight. To the mixture, 
HC=CSiMe3 (0.2 mL, 1.43 mmol) was added and the reaction mixture was stirred at 
room temperature for 2 h and then heated at reflux overnight. The mixture was taken to 
dryness and the crude product purified by column chromatography on silica, eluting with 
petrol/CH2Cl2 (1:3). Reduction in volume of the solvent on a rotary evaporator afforded 
15 as an orange solid (142 mg, 63%). EI MS: 607 ([M]^ 100), 577 ([M - 2CH3f, 25). 
Anal. Calcd for C39H33N04Si.0.5CH2Cl2: C, 72.97; H, 5.37; N, 2.15. Found: C, 73.15; H, 
6.00; N, 2.32%. UV-vis: 25300 [3.0], 29700 [3.3]. IR ( C H 2 C I 2 ) : 2204, 2148 v(C=C). 'H 
NMR: 6 0.25 (s, 9H, SiMe3), 1.50 (t, Jhh = 7 Hz, 6H, CH3), 4.11 (q, Jhh = 7 Hz, 4H, 
C H z ) , 5 . 2 8 ( s , I H , C H 2 C I 2 ) , 7 . 0 3 ( s , 2 H , H , 6 a n d H , , ) , 7 . 4 5 ( s , 4 H , H4, H5), 7 . 5 1 ( s , 4 H , 
Hio, H„) , 7.67 (d, Jhh = 9 Hz, 2H, H24), 8.23 (d, Jhh = 9 Hz, 2H, H25). '^C NMR: <5 0.1 
(SiMe3), 14.9 ( C H 3 ) , 65.2 ( C H 2 ) , 93.0 (C7, CG, C O , Cm), 113.2 (C,5, C.G), 116.8, 117.0 
(C,6, C,9), 123.0 ( C 3 , Ce), 123.7 (C25), 131.4, 131.9 (C,o, C,,), 131.6 (C4, C5) , 132.2 (C24), 
146.9 (C26), 153.4, 153.5 (Cn, C20). C,, C2, C9, C12, C21, C22, C23 not observed. 
3.2.2.16. Synthesis of 4-Pr ,SiC^C,H4-l-C^CCM4-4-C^CC,H2_-2.5-(OEt)2_-4-C^C 
CM4_-4-N0?_ (16). 
PdCl2(PPh3)2 (23 mg, 0.033 mmol), Cul (5.7 mg, 0.03 mmol) and 4,4'-
IC^H^C=CC^H^C=CSiPr'3 (194 mg, 0.401 mmol) were added to a solution of 5 (134 mg, 
0.401 mmol) in NEt3 (45 mL) and CH2CI2 (10 mL). The mixture was stirred at room 
temperature for 2 days, taken to dryness, and the crude product purified by column 
chromatography on silica, eluting with petrol/CH2Cl2 (1:3). Reduction in volume of the 
solvent on a rotary evaporator afforded 16 as an orange solid (167 mg, 64%). El MS: 691 
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([M]^ 100), 661 ([M - 2CH3]^ 50). HR EI MS C45H45N04Si: calcd 691.3118, found 
691.3122. Anal. Calcd for C45H45N04Si.0.5CH2Cl2: C, 74.41; H, 6.31; N, 1.91. Found: C, 
74.19; H, 6.22; N, 1.99%. UV-vis: 25000 [7.3], 29800 [7.9]. IR ( C H 2 C I 2 ) : 2206, 2150 
v ( C h C ) . ' H N M R : (5 1 . 1 3 ( s , 2 1 H , P r ' ) , 1 . 5 0 ( m , 6 H , C H 3 ) , 4 . 1 1 ( m , 4 H , C H 2 ) , 5 . 2 8 (s , 
I H , C H 2 C I 2 ) , 7 . 0 3 ( s , 2 H , H i 6 , H , ? ) , 7 . 4 6 (s , 4 H , H4, H5), 7 . 5 2 ( s , 4 H , H i o , H n ) , 7 . 6 7 (d , 
Jhh = 9 Hz, 2H, H24), 8.23 (d, Jhh = 9 Hz, 2H, H25). '^C NMR: 5 11.3, 18.7 (Pr'), 14.9 
( C H 3 ) , 6 5 . 1 , 6 5 . 2 ( C H 2 ) , 8 7 . 7 ( C I ) , 1 0 6 . 5 (C2) , 9 0 . 9 , 9 1 . 1 , 9 1 . 4 , 9 3 . 0 , 9 5 . 2 , 1 0 0 . 0 (C7, CG, 
C,3, C,4, C2,, C22), 112.7, 115.0 (C,5, CIS), 116.8, 117.0 (C,6, C,,), 122.8, 123.0 (C3, CG), 
123.2, 123.6 (C9, C , 2 ) , 123.7 (C25), 131.4, 131.5, 131.6 132.0, 132.3 (C4, C5, C,o, C , I , 
C24), 146.9 (C26), 153.4, 153.8 (Cn, C20), C23 not observed. 
S.2.2.17. Synthesis of 4-//C=CQ//£C=Ca//4-^-C=CQ//2-2.5-rC>£/);-^-C^CQ//4-4-
NQiim 
Method A. NBu"4F (0.4 mL, 1 M solution in THF) was added to a solution of 15 (102 mg, 
0.167 mmol) in C H 2 C I 2 (20 mL). The solution was stirred at room temperature for 24 h. 
The mixture was filtered through a short pad of silica, eluting with C H 2 C I 2 , the yellow 
fraction collected and the solvent was reduced affording 17 as an orange solid (44 mg, 
50%). 
Method B. N B u ^ F (0.4 mL, 1 M solution in THF) was added to a solution of 16 (101 mg, 
0.155 mmol) in C H 2 C I 2 (20 mL). The solution was stirred at room temperature for 24 h. 
The mixture was filtered through a short pad of silica, eluting with C H 2 C I 2 , the yellow 
fraction collected and the solvent was reduced affording 17 as an orange solid (57 mg, 
68%). EI MS: 535 ( [ M ] \ 50). HR EI MS C36H25NO4: calcd 535.1784, found 535.1783. 
Anal. Calcd for C36H25NO4.O.33CH2CI2: C, 77.30; H, 4.59; N, 2.49. Found: C, 77.61; H, 
5.31; N, 2.98%. UV-vis: 24900 [5.1], 29800 [4.8], IR (KBr): 2202 v(C^C). 'H NMR: 6 
1.50 (m, 6H, C H 3 ) , 3.19 (s, IH, H,), 4.11 (m, 4H, CH2) , 5.28 (s, 0.67H, CH2CI2) , 7.03 (s, 
2 H , H,6, H,9) , 7.46 (s, 4H, H4, H5), 7.52 (s, 4H, Hio, Hn), 7.67 (d, Jhh = 9 Hz, 2H, H24), 
8 . 2 3 ( d , J h h = 9 H z , 2 H , H25). " C N M R : 5 14 .9 ( C H 3 ) , 6 5 . 1 , 6 5 . 2 ( C H 2 ) , 8 7 . 7 ( C , ) , 9 0 . 5 , 
90.8, 91.0, 91.4, 93.0, 95.2 (C7, Cs, C,3, C,4, C21, C22), 112.7, 115.0 (C,5, Cis), 116.8, 
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117.0 (C,6, C,9), 122.1, 122.9 (C3, Ce), 123.2, 123.4 (C9, Cn), 123.7 (C25), 130.4, 131.5, 
131.6, 132.0, 132.3 (C4, C5, C,o, C,,, C24), 146.9 (C26), 153.4, 153.8 (C,7, C20). 
3-2.2.18. Synthesis of 4-Pr',_SiC^rr^_H.-l-C^CC^H4-4-C^CC,H2r2.5-fOEt)y-4-C^C 
C6H7-2,5-(OEt)2_-4-C^C,H,-4-NO, (18). 
PdCl2(PPh3)2 (8.5 mg, 0.012 mmol), Cul (2 mg, 0.011 mmol) and 4,4'-
IC^H^C^CC.H^C^CSiPr'a (58 mg, 0.12 mmol) were added to a solution of 11 (61 mg, 
0.12 mmol) in NEts (40 mL) and CH2CI2 (10 mL). The mixture was stirred at room 
temperature for 2 days, taken to dryness, and the crude product purified by column 
chromatography on silica with a gradient elution from petrol/CH2Cl2 (1:1) to CH2CI2. 
Reduction in volume of the solvent on a rotary evaporator afforded 18 as an orange solid 
(69 mg, 67%). El MS: 881 ( [ M f , 50). Anal. Calcd for CjyHsTNOsSi.l .33CH2CI2: C, 
70.54; H, 6.06; N, 1.41. Found: C, 70.26; H, 6.17; N, 2.03%. UV-vis: 24000 [4.0], 30000 
[3.5]. 1R(CH2C12): 2254, 2210, 2153 v(C^C). 'H NMR: ^ 1.13 (s, 21H, Pr'), 1.49 (t, Jhh 
= 7 Hz, 12H, CH3), 4.13 (m, 8H, CH2), 5.28 (s, 2.7H, CH2CI2), 7.03 (s, 2H, His, H19), 
7.05, 7.06 (2 s, 2H, H24, H27), 7.46 (s, 4H, H4, H5), 7.52 (AA'BB', 4H, H,o, H,,), 7.67 (d, 
JHH = 9 Hz, 2H, H32), 8.23 (d, JHH = 9 Hz, 2H, H33). '^C NMR: <5 11.3, 18.7 (Pr'), 14.9 
(CH3), 65.1, 65.2 (CH2), 87.7, 90.9, 91.1, 91.4, 93.0, 95.2, 100.0, 106.4 (C,, C2, C7, Cg, 
C,3, Ci4, C21, C22, C29, C30; not all observed), 112.7, 115.0 (C,5, Cig, C23, €25), 116.8, 
117.0(C,6,C,9, C24, C27), 122.8, 123.0, 123.2, 123.6 (C3, Cs, C9, C,2), 123.7 (C33), 131.4, 
131.5, 131.6, 132.0, 132.3 (C4, C5, Cio, Cn, C32), 146.9 (C34), 153.4, 153.8, 154.1 (C,6, 
Ci9, C24, C27; not all observed). 
3.2.2.19. Synthesis of trans4Ru{4A'-C=CCdii[2.5-(OEt)7jC^CCM4NOi}Cl(dppm)2] 
(m. 
cw-[RuCl2(dppm)2] (132 mg, 0.14 mmol) and NaPFs (31.3 mg, 0.17 mmol) were added 
to a solution of 5 (47.1 mg, 0.14 mmol) in CH2CI2 (30 mL). The yellow mixture was 
stirred at room temperature overnight. NEt3 (1 mL) was added and the red mixture stirred 
at room temperature for 6 h. The reaction mixture was purified by passing through a short 
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pad of alumina, eluting with CH2Cl2/petrol/NEt3 (10:10:1). Reduction in volume of the 
solvent on a rotary evaporator afforded 19 as a dark red powder (120 mg, 69%). ESI MS: 
1240 ([M]^ 100), 1205 ([M - Cl]^ 10). Anal. Calcd for: C70H60CINO4P4RU.O.25CH2CI2: 
C, 66.92; H, 4.84; N, 1.11. Found: C, 66.95; H, 5.11; N, 1.25%. UV-vis: 19600 [1.8], 
26500 [2.2], 30400 [1.9]. IR(CH2a2): 2200, 2064 v(C=C). 'H NMR: (5 1.25, 1.41 (2 t, 
6H, Jhh = 7.2 Hz, 2 C H 3 ) , 3.67, 3.82 (2 q, 8H, Jhh = 6.9 Hz, 2CH2), 4.80, 5.32 (2 m, 4H, 
2PCH2) , 5 .19 , 6 . 7 7 (2 s, 2 H , H,6, H19), 5 .28 (s, 0 . 5H , CH2CI2), 6 . 9 9 - 7 . 6 0 ( m , 4 4 H , H24, 
Ph), 8.20 (d, Jhh = 8 Hz, 2H, H25). '^C NMR: (515.1, 15.2 ( C H 3 ) , 46.0, 52.9 ( P C H 2 ) , 63.7, 
64.4 ( C H 2 ) , 91.6, 94.2 ( C 2 1 , C22), 104.2, 110.4 (C 15 , C.s), 114.1, 117.4 (C,6, C,,), 123.1 
(C23), 1 2 3 . 6 (C25) , 1 2 7 . 5 ( P h ) , 1 2 9 . 0 ( d , J c p = 3 6 H z , P h ) , 1 3 1 . 6 (C24), 1 3 3 . 5 ( d , J c p = 3 8 
Hz, Ph), 146.2 (C26), 152.4, 153.7 (Cn, C20), C 1 3 , C14 not observed. ^'P NMR: d-A.l. 
3.2.2.20. Synthesis of trans-fRu(4J[4''-C^CC,H4C=CC,H7f2.5-fOEt)iJC=CCM^^^ 
Cl(dvvm)jl (20). 
cw-[RuCl2(dppm)2] (117 mg, 0.124 mmol) and NaPFe (23.7 mg, 0.141 mmol) were added 
to a solution of 8 (54.2 mg, 0.124 mmol) in C H 2 C I 2 (40 mL). The orange mixture was 
stirred at room temperature overnight. NEt3 (1 mL) was added and the red mixture stirred 
at room temperature for 6 h. The reaction mixture was purified by passing through a short 
pad of alumina, eluting with CH2Cl2/petrol/NEt3 (10:10:1). Reduction in volume of the 
solvent on a rotary evaporator afforded 20 as a red powder (78 mg, 47%). ESI MS: 1340 
([M]^ 25). Anal. Calcd for: C78H64CINO6P4RU.O.5CH2CI2: C, 68.22; H, 4.74; N, 1.01. 
Found: C, 67.84; H, 5.12; N, 1.12%. UV-vis: 21800 [3.0], 25300 [5.1], 32300 [2.5]. 
1R(CH2C12): 2186, 2068 v(C=C). 'H NMR: (5 1.50 (t, 6H, Jhh = 7 Hz, CH3), 4.11 (q, 4H, 
JHH = 7 H z , C H 2 ) , 4 . 9 2 ( m , 4 H , P C H 2 ) , 5 . 2 8 ( s , I H , C H 2 C I 2 ) , 5 . 9 9 ( d , JHH = 8 H z , 2 H , 
Hio), 7.00-7.45 (m, 44H, Hi, , H,6, H19, Ph), 7.67 (d, JHH = 9 Hz, 2H, H24), 8.22 (d, JHH = 
9 H z , 2 H , H25). " C N M R : <5 1 5 . 1 , 1 5 . 2 ( C H 3 ) , 4 5 . 8 ( P C H 2 ) , 6 5 . 2 , 6 5 . 5 ( C H 2 ) , 8 5 . 7 (Cg) , 
92.0, 92.9 (2C), 97.3 (Cu, Cm, C2,, C22), 116.1, 116.5 (C,5, C.g), 117.5 (C,6, C,9), 123.9 
(C25), 130.6 (C23) , 127.0, 127.3, 127.8 (Ph), 129.4 (d, Jcp = 1 8 Hz, Ph), 133.7 (d, Jcp = 25 
Hz, Ph), 130.9 (C,o, Cn) , 132.5 (C24), 147.0 (C26), 153.2, 153.6 (Cn, C20), C7, C9, C,2 not 
observed. ^ ' P N M R : (5-5.5. 
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3.2.2.21. Synthesis of trans-fRuf4.4'.4".4"'-C=CC^H,C^CCMif2.5-{0Et)yJC=C 
C,H?[2.5-{0Et),_lC=CC,H,N07}ClfdDDe)jl (21). with Mr. L. Rigamonti 
c?5-[RuCl2(dppe)2] (59.8 mg, 0.061 mmol) and NaPFe (10.6 mg, 0.062 mmol ) were added 
to a solution of 14 (38.3 mg, 0.061 mmol) in CH2CI2 (15 mL). The orange mixture was 
stirred at r o o m temperature overnight. NEts (1 mL) was added and the red mixture stirred 
at room tempera ture for 24 h. The reaction mixture was purif ied by passing through a 
short pad of a lumina, eluting with CH2Cl2/petrol/NEt3 (10:10:1). Reduction in volume of 
the solvent on a rotary evaporator afforded 21 as a red powder (45 mg, 47%). ESI MS: 
1521 ( [M - C l ] \ 100). Anal . Calcd for: C92H81CINO6P4RU: C, 70.97; H, 5.24; N, 0.90. 
Found: C, 70.98; H, 5.35; N , 0 .96%. UV-vis: 23500 [4.3], 31300 [2.6]. IR(CH2Cl2): 
2203, 2063 v (C^C) . ' H N M R : (5 1.48 (m, 12H, CH3), 2.70 (m, 8H, PCH2), 4.14 (m, 8H, 
CH2), 6 .55 (d, J h h = 8 Hz, 2H, H4), 6.92-7.44 (m, 46H, H5, H,o, H,3, H.g, H2,, Ph), 7.67 
( d , JHH = 9 H z , 2 H , H26) , 8 . 2 2 ( d , JHH = 9 H z , 2 H , H27). ' ^ C N M R : 5 1 5 . 0 ( C H 3 ) , 3 0 . 5 
( P C H 2 ) , 6 5 . 2 ( C H 2 ) , 8 6 . 1 ( C i ) , 9 1 . 1 , 9 1 . 7 , 9 2 . 5 , 9 3 . 0 , 9 6 . 7 ( C 2 , C 7 , Cg , C23, C24) , 1 1 2 . 4 , 
113.3, 114.7, 115.2, 115.7, 116.6 (C3, €5, C9, C,2, C17, C20), 117.0, 117.1, 117.3, 117.5 
( C , o , C , 3 , C , 8 , C2,), 123.7 (C27), 125.0 (C25), 127.1 ( d , J c P = 18 Hz), 128.9, 134.3, (d , Jcp 
= 19 Hz), 130.0, 130.9, 132.2 (C4, C5, C26), 146.9 (Czs), 153.2, 153.5 (2C), 153.8 (C, , , 
Ci4, C,9, C22), C,5, C16 not observed. ^'P N M R : <549.8. 
3 .2 .222 . Synthesis of trans4Rul4J\4'\4'''-C^CCdi4C^CC,H,J2.5-(OEt)2lC^C 
C.H2I2.5-{OEt),]C^CC,H,NOyjafdppm),_] (22). 
cw-[RuCl2(dppm)2] (84.5 mg , 0.090 mmol) and NaPFe (15 mg, 0.089 mmol) were added 
to a solution of 14 (55.7 mg, 0.089 mmol) in CH2CI2 (30 mL). The orange mixture was 
stirred at room temperature overnight. NEt3 (1 mL) was added and the red mixture stirred 
at room tempera ture for 24 h. The reaction mixture was purif ied by passing through a 
short pad of a lumina, eluting with CH2Cl2/petrol/NEt3 (10:10:1). Reduct ion in volume of 
the solvent on a rotary evaporator afforded 22 as a red powder (94 mg, 69%). ESI MS: 
1528 ( [ M ] ^ 40), 1493 ([M - C l ] ^ 30). Anal . Calcd for: C90H76CINO6P4RU.O.25CH2CI2: 
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C, 69.97; H, 4.98; N, 0.90. Found: C, 69.76; H, 5.51; N, 1.17%. UV-vis: 23600 [6.4], 
31300 [3.9]. 1R(CH2C12): 2207, 2073 v(C^C). 'H NMR: 6 1.47 (m, 12H, CH3), 4.13 (m, 
8H, CH2) , 4.91 (m, 4H, PCHi), 5.28 (s, 0.5H, CH2CI2), 5.99 (d, Jhh = 8 Hz, 2H, H4), 
6.98-7.45 (m, 46H, H5, H,o, Hn, H , 8 , H21, Ph), 7.67 (d, J h h = 9 Hz, 2H, H26), 8.22 (d, J h h 
= 9 H z , 2 H , H27). ' ^C N M R : ^ 15 .0 (CH3), 6 5 . 2 (CH2), 5 3 . 0 (PCH2) , 8 5 . 5 ( C , ) , 116 .9 (C9, 
C12 , C,7, C20), 117.3, 117.5 (C12, Ci5, C,8, C21) , 123.6 (C23), 127.5, 129.2 (d, Jcp= 14 Hz), 
133.4 ( d , J c p = 2 2 Hz) (Ph), 129.9 (C25), 132.1 (C22), 146.9 (C28), 153.0, 153.4 (C„, Cm, 
Ci9, C22), Ci, C3, C6, C7, Cg, C,5, C,6, C23, C24 not observed. ^'P NMR: 6 -5.5. 
3.2.2.23. Synthesis of trans-rRu{4J\4'\4'''-C^CC,H,C=CC,H4C^CC6H^2.5-{OEO 
C=C CMMOiiCKdDDm),] (23). 
CLy-[RuCl2(dppm)2] (72.5 mg, 0.077 mmol) and NaPFe (13 mg, 0.077 mmol) were added 
to a solution of 17 (41.3 mg, 0.077 mmol) in CH2CI2 (30 mL). The orange mixture was 
stirred at room temperature overnight. NEt3 (1 mL) was added and the red mixture stirred 
at room temperature for 24 h. The reaction mixture was purified by passing through a 
short pad of alumina, eluting with CH2Cl2/petrol/NEt3 (10:10:1). Reduction in volume of 
the solvent on a rotary evaporator afforded 2 3 as a red powder (64.3 mg, 58%). ESI MS: 
1440 ([M]^ 20), 1405 ([M - Cl]^ 10). Anal. Calcd for: C90H68CINO4P4RU.I.5CH2CI2: C, 
67.06; H, 4.57; N, 0.90. Found: C, 66.90; H, 5.27; N, 1.26%. UV-vis: 24300 [4.9], 30500 
[3.7]. ^ (CHjCl j ) : 2205, 2074 v(C=C). 'H NMR: <5 1.48 (t, J h h = 7 Hz, 6H, CH3), 4.13 
(q, J h h = 7 Hz, 4H, CH2), 4.92 (m, 4H, PCHz), 5.28 (s, 3H, I.5CH2CI2), 5.99 (d, J h h = 8 
Hz, 2H, H4), 7.05-7.47 (m, 48H, H5, H,o, H,,, H,6, H,9, Ph), 7.67 (d, J h h = 9 Hz, 2H, 
H24), 8 . 2 2 (d , J h h = 9 H z , 2 H , H25). ' ^C N M R : <5 14 .9 (CH3) , 2 9 . 7 (PCH2) , 65 .1 , 6 5 . 3 
(CH2) , 90.5, 91.7, 93.0, 96.5 (C2, C7, Cg, C,3, C14, C21, C22; 3 not observed) 116.8, 117.1 
(Ci6,C,9), 123.7 (C25), 127.5, 129.2 (d, Jcp = 16 Hz), 133.4 (d, Jcp = 26 Hz) (Ph), 130.0, 
130.3, 131.2, 131.5, 132.2 (C4, C5, C,o, Cu, C24), 146.9 (C26), 153.6, 153.7 (Cn, C20); C,, 
C3, C9, C12, Ci5, Cig not observed. ^'P NMR: (5-5.5. 
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3.2.2.24. Synthesis of tram-rRu!4J[4'[4''\4''''-C=CC^HAC^CaH,C=CCM?f2.5-
(OEt)y]C^CC,Hyf2.5-rOEt),JC=CC,H,NOy}ClfdDpm)^] (24). 
c/5-[RuCl2(dppm)2] (49.7 mg, 0.050 mmol) and NaPFe (10.1 mg, 0.060 mmol) were 
added to a solution of 18 (44.1 mg, 0.050 mmol) in CH2CI2 (30 mL). N B u ^ F (0.15 mL, 1 
M solution in THF) was added and the reaction mixture was stirred at room temperature 
for 24 h. NEt3 (1 mL) was added and the red mixture stirred at room temperature for 24 h. 
The reaction mixture was purified by passing tlirough a short pad of alumina, eluting with 
CH2Cl2/petrol/NEt3 (10:5:1). Reduction in volume of the solvent on a rotary evaporator 
afforded 24 as a red powder (39 mg, 47%). ESI MS: 1628 ([M + H]^ 80), 1592 ([M -
Cl]^ 35). Anal. Calcd for C98H80NO6CIP4RU.O.5CH2CI2: C, 70.82; H, 4.89; N, 0.84. 
Found: C, 70.62; H, 5.11; N, 1.33%. UV-vis: 23600 [5.68], 30600 [3.80]. ^(CH^Cl^): 
2210, 2072 v(C^C). 'H NMR: (5 1.49 (m, 12H, CH3), 4.13 (m, 8H, CH2), 4.91 (m, 4H, 
2PCH2), 5.28 (s, IH, O.5CH2CI2), 5.99 (d, Jhh = 8 Hz, 2H, H4), 6.98-7.44 (m, 46H, H5, 
Hio, Hi3, II18, H21, Ph), 7.67 (d, J„H = 9 Hz, 2H, H26), 8.22 (d, Jhh = 9 Hz, 2H, H27). '^C 
NMR: (5 14.9 (CH3), 29.7 (PCH2), 65.2 (CH2), 79.6 (C,), 91.0, 92.3, 100.1 (C2, C7, Cg, 
C,3,Ci4, C21,C22, C29, C30), 113.0 (2C), 115.4 (2C) (C,5, Cjg, C23, C26), 117.1 (2C), 117.3 
(2C) (C,6,C,9, C24, C27), 123.6 (C33), 127.5, 128.5 (d,JcP= 12 Hz), 133.5 ( d , J c p = 2 5 Hz) 
(Ph), 128.6 (C3,), 129.0, 129.3, 131.4, 131.5, 132.2 (C4, C5, C,o, Cn , C32), 146.9 (C34), 
153.8, 154.8 (C,7, C20, C25, C28), C3, C6, C9, C12 not observed. ^'P NMR: <5-5.5. 
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3.2.3. X-ray Structural Study of trans-[Ru{4,4'-C=CC6H2[2,5-(0Et)2]C=CC6H4N02} 
Cl(dppm)2] (19) 
A crystal suitable for the structural study was grown by slow diffusion of methanol into 
a dichloromethane solution of 19 at -20 °C. A unique diffractometer data set was 
collected on a Nonius Kappa CCD diffractometer using the co scan technique (graphite-
monochromated Mo K„ radiation, 0.71073 A). The unit cell parameters were obtained by 
least-squares refinement^' of 13727 reflections with 2.6° < e < 27.5° at 200 K. An 
analytical absorption correction was applied, using numerical methods,^^ implemented 
from within MAXUS^^ and equivalent reflections were merged. The structure was solved 
by direct methods and expanded using Fourier techniques,^'' and refined, using the 
CRYSTALS software p a c k a g e . O n e of the phenyl rings attached to the dppm moiety 
was found to be disordered and so each atom was split. The site occupancies were set to 
be one for each set of split atoms. All other non-hydrogen atoms were refined 
anisotropically. Hydrogen atoms were included in the refinement at idealized positions, 
riding on the atoms to which they were bonded and frequently recalculated. Conventional 
residuals R and R^ on |F| were 4.3 % and 15.2 %, respectively; a Chebychev weighting 
function was employed. The largest peaks in the final difference electron density map are 
located near the Ru atom. Molecular graphics were displayed using the PLATON 
software.^^ 
Crystal/refinement data: C70H60CINO4P4RU, M = 1239.67. Monoclinic, P 2\lc, a = 
22.2245(2), b = 12.7995(1), c = 23.5634(2) A, P = 116.4624(5)°, F = 6000.62(9) A l Dc 
(Z = 4) = 1.327 g cm"^ Hmo = 0.46 mm"'; specimen: 0.40 x 0.25 x 0.24 mm; r^n/max = 
0.857/0.916. 2emax = 55°; Motai = 125417 (CCD diffractometer, monochromatic Mo Ka 
radiafion, X = 0.71073 A; 7 200 K) merging to 13727 unique {R,nx = 0.044), A^ o = 3517 (/ 
a 3a(7)) refining XoR = 0.0425, R^ = 0.152. 
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3.2.4. HRS Measurements 
An injection seeded Nd:YAG laser (Q-switched Nd:YAG Quanta Ray GCR, 1064 nm, 
8 ns pulses, 10 Hz) was focused into a cylindrical cell (7 mL) containing the sample. The 
intensity of the incident beam was varied by rotation of a half-wave plate placed between 
crossed polarizers. Part of the laser pulse was sampled by a photodiode to measure the 
vertically polarized incident light intensity. The frequency-doubled light was collected by 
an efficient condenser system and detected by a photomultiplier. The harmonic scattering 
and linear scattering were distinguished by appropriate filters; gated integrators were used 
to obtain intensities of the incident and harmonic scattered light. The absence of a 
luminescence contribution to the harmonic signal was confirmed by using interference 
filters at different wavelengths near 532 nm. All measurements were performed in THF 
using /7-nitroaniline (|3 = 21.4 x 10'^° esu"^ )^ as a reference. Solutions were sufficiently 
dilute that absorption of scattered light was negligible. 
For studies at 1.300 jxm, a Tsunami-pumped OPAL (model Spectra-Physics) was used. 
With a high repetition rate of the laser, high frequency demodulation of fluorescence 
contributions can be effected, a full description being given in ref 66. All measurements 
were performed in THF using Disperse Red 1 (DRl, p = 54 x 10'^" esu in chloroform) as 
a reference. Experiments utilized low chromophore concentrations, the linearity of the 
HRS signal as a function of the chromophore concentration confirming that no significant 
self-absorption of the SHG signal occurred. 
3.2.5. Z-scan Studies 
The compounds were dissolved in dichloromethane at concentrations in the range 0.5 -
1.2 % w/w, and the solutions were placed in 1 mm path length Starna glass cells, 
stoppered and sealed with Teflon tape. Due to experimental limitations, only one 
concentration of each compound was examined. The Z-scans were carried out using a 
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femtosecond laser system composed of a Clark-MXR CPA-2001 regenerative amplifier 
acting as a 775 nm pump and a Light Conversion TOPAS optical parametric amplifier. 
The system was operated at a repetition rate of 250 Hz to minimize the influence of 
thermal effects and photochemical decomposition. The experiments were carried out at a 
number of wavelengths in the range 530 - 1500 nm. To obtain the relevant wavelengths, 
the optical parametric amplifier was tuned appropriately and one of the following modes 
of output was selected: idler-pump mixing, signal doubling, idler doubling or the signal. 
The unwanted components of the TOPAS output were discarded through the use of 
polarizing optics, color glass filters and spatial filtering. 
The laser beam was attenuated to energies in the |iJ/pulse range and directed through a 
standard Z-scan setup equipped with a beam splitter, allowing one to record open-
aperture and closed-aperture Z-scans simultaneously. The beam was focused so as to 
provide a spot size in the range wp ~ 40 - 80 mm, ensuring that the Rayleigh range ZR = 
Tcwo^ /X was always larger than the total thickness of the sample 3 mm which includes 
two glass walls and the solution inside the cell). The cell travel was z = - 40 to 40 mm 
and the data were recorded using three Si or InGaAs photodiodes monitoring the input 
pulse energy, the open-aperture signal, and the closed-aperture signal, respectively. The 
outputs were fed into three channels of a boxcar averager, which was GPlB-interfaced 
with a data collection computer. The shapes of the closed-aperture scans, open-aperture 
scans, and the curves obtained by dividing a closed-aperture curve by an open-aperture 
curve were analyzed with the help of a custom fitting program that used equations 
derived by Sheik-Bahae et al'*^ to calculate the theoretical curves. In this way, the values 
of the real and imaginary part of the nonlinear phase shift A(t>o (corresponding to the 
refractive and absorptive nonlinearity, respectively) could be obtained. At each 
wavelength the energy of the laser pulses was adjusted, based on closed-aperture Z-scans 
obtained for 1 mm cells filled with the solvent alone and/or scans for a 3 mm thick silica 
glass plate. Typically, we required AOo for such scans to be about 0.5 - 1 rad. The 
nonlinear refractive index of silica, n2, is well-known across a wide wavelength range, so 
the real part of the nonlinear phase shift can be used to calculate the light intensity. From 
the comparison of n j values for silica compiled by Milam"^ we employed: 
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= 2.8203 X 10"'® - 3 x IQ-^'v + 2 x IQ-^ 'v ' {cm" I W ) 
for the spectral dependence of ni for silica, where v = ^ is the wavenumber expressed in 
cm"'. This equation is a good approximation for values of ?72,sii]ca in the range of A = 500 -
1500 nm. Note that most of the previous results from Humphrey et al have assumed 
>^2siiica= 3 X 10"'^ cm^/W independent of the wavelength, which is also a reasonably good 
approximation. 
Intensities of the order of 100 GW/cm^ were employed. Since these measurements 
were always uniformly calibrated to the nonlinearity of silica glass, this avoided the need 
for detailed information of beam geometry and pulse shape. 
The real and imaginary parts of the second hyperpolarizability, y, of the solutes were 
computed assuming additivity of the nonlinear contributions of the solvent and the solute 
and the applicability of the Lorentz local field approximation.'^'^The values of the two-
photon absorption (TPA) cross-section S2 were computed from the absorptive part of the 
nonlinearity determined from the Z-scans. In all cases, errors of the relevant quantities 
were estimated f rom the assessed accuracies of the parameters for the fitting of Z-scans 
for the solutions and the corresponding scans for the solvent. 
3.2.5. Theoretical Studies 
Calculations were performed using the Amsterdam Density Functional (ADF) package 
ADF2006.01,^^ developed by Baerends et al.^' '" These calculations were undertaken to 
characterize the lowest-frequency allowed single-photon transitions of a set of model 
compounds containing the oligo(phenyleneethynylene) bridges of compounds 19 to 24. 
These models were of the form [Ru](C2C6H4),C2C6H4N02, where [Ru] = trans-
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RUC1(PH2CH2PH2)2 a n d / = 1-4. In the discussion that follows, the models are denoted as 
19M (/ = 1), 20M (/ = 2), 23M (i = 3) and 24M (i = 4) to indicate the laboratory 
compounds of which they are structural homologs. Note that, for reasons of 
computational expediency, the solubilizing ethoxy substituents of the laboratory 
compounds have been omitted in our model calculations. The presence or absence of 
alkoxy substituents on the phenylene rings has been found to exert only a minor influence 
on the intensity and wavelength of major single-photon transitions in a detailed 
computational study of related compounds.^® Omission of the ethoxy substituents in this 
instance allowed the structural symmetry of the models to be constrained to Cjv 
throughout. In all calculations and for all atoms, the Slater type orbital basis sets used 
were of triple-z-plus-polarization quality (TZP). Electrons in orbitals up to and including 
\s {C, N, O}, 2p {?, CI} and 4d {Ru} were treated in accordance with the frozen-core 
approximation. Geometry optimizations employed the gradient algorithm of Versluis and 
Ziegler."' Functionals used in the optimization calculations were the local density 
approximation (LDA) to the exchange potential,"" the correlation potential of Vosko, 
Wilk and Nusair (VWN),''^ and the nonlocal corrections of Perdew, Burke, and Enzerhof 
(PBE)."^ Following optimization of the model compounds, time-dependent density 
functional theory (TD-DFT) calculations were pursued using either PRE or the 
asymptotically correct functional of van Leeuwen and Baerends (LB94). 
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3.3. Results and Discussion 
3.3.1. Synthesis and Characterization of Alkynes and Alkynyl Ruthenium Complexes. 
Many approaches were tried in order to extend the chain length to four-phenyl-ring 
units. One of the attempts was by trying to couple 4-02NC6H4C=CC6H4-4-C=CC6H4-4-
C=CH with 4-lC6H4C=CSiMe3 but the reaction did not work due to the poor solubility of 
the acetylene. A better approach was by coupling 4-02NC6H4C=CC6H4-4-C=CH with 
Pr'3SiC=CC6H4-4-C=CC6H4-4-I, affording the expected product 4-Pr'3SiC=CC6H4-l-
C^CC6H4-4-C=CC6H4-4-C=CC6H4-4-N02 in 74% yield. The solubility of the protected 
compound was poor but it was enough to run the desilylation reaction which yielded a 
yellow solid that was insoluble in all common solvents. These problems suggested the 
need to introduce some alkoxy groups to our system in order to increase the solubility of 
these longer chain acetylenes. 
The acetylenes required for the alkynyl complex syntheses were prepared by 
extensions of established organic synthetic procedures (Schemes 3.1-3.6). 
Monobromination of 1,4-di(ethoxy)benzene using bromine and sodium acetate in acetic 
acid afforded l-bromo-2,5-diethoxybenzene (1), in a procedure previously applied to 
afford the l-bromo-2,5-di(«-propoxy)benzene analogue (Scheme 1).^ ° Subsequent 
iodination with iodine/potassium iodate in an acetic acid/carbon tetrachloride mixture 
afforded 4-bromo-2,5-diethoxy-l-iodobenzene (2) in good yield. This facile synthesis of 
2 is preferable to the trans-halogenation of l,4-dibromo-2,5-di(ethoxy)benzene 
employing ?err-butyllithium and 1,2-diiodoethane. 
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1 mol Brj 
NaOAc / AcOH ACOH/CCI4 
H2SO4/H2O 
1 7 1 % 
S y n t h e s e s o f 1 a n d 2 . 
S c h e m e 3 . 1 
B o t h t h e b r o m o a n d i o d o f u n c t i o n a h t i e s i n 2 a r e r e a c t i v e . 4 - E t h y n y I - 1 - n i t r o b e n z e n e a n d 
4 - e t h y n y l - l - ( t r i i s o p r o p y l s i l y l ) e t h y n y l b e n z e n e r e a c t w i t h 2 u n d e r S o n o g a s h i r a c o n d i t i o n s 
a t r o o m t e m p e r a t u r e t o g i v e 2 , 5 - ( E t 0 ) 2 - 4 - B r C 6 H 2 C = C - 4 - C 6 H 4 N 0 2 ( 3 ) a n d 4 -
P r ' 3 S i C = C C 6 H 4 C = C C 6 H 2 - 2 , 5 - ( O E t ) 2 - 4 - B r ( 6 ) , r e s p e c t i v e l y , i n e x c e l l e n t y i e l d s ( S c h e m e 
3 . 2 ) . T h e f o r m e r r e a c t s w i t h e t h y n y l t r i m e t h y l s i l a n e u n d e r S o n o g a s h i r a c o n d i t i o n s t o 
a f f o r d 4 - M e 3 S i C = C - 2 , 5 - ( E t 0 ) 2 C 6 H 2 - l - C = C C 6 H 4 - 4 - N 0 2 ( 4 ) i n f a i r y i e l d . T h e d i y n e 4 c a n 
b e d e s i l y l a t e d t o a f f o r d 4 - H C = C - 2 , 5 - ( E t 0 ) 2 C 6 H 2 - l - C = C C 6 H 4 - 4 - N 0 2 ( 5 ) . 
5 98% 
S y n t h e s e s o f 3 - 6 . 
S c h e m e 3 . 2 
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Syntheses of tri(phenyleneethynylene)-containing compounds are summarized in 
Scheme 3.3. 5 undergoes sequential Sonogashira coupling with 4-bromo-l-iodobenzene 
and then ethynyltrimethylsilane to afford 4-02NC6H4C=CC6H2-2,5-(0Et)2-4-C=CC6H4-
4-CsCSiMe3 (7), which is desilylated by tetra-«-butylammonium fluoride, giving 4-
02NC6H4C=CC6H2-2,5-(0Et)2-4-C=CC6H4-4-C=CH (8). A similar sequential 
Sonogashira coupling with 4-Br-2,5-(EtO)2C6H2l and then ethynyltrimethylsilane gives 
4-02NC6H4C=CC6H2-2,5-(0Et)2-4-C=CC6H2-2,5-(0Et)2-4-C=CSiMe3 (10), which is 
similarly desilylated to 4-02NC6H4CsCC6H2-2,5-(0Et)2-4-C=CC6H2-2,5-(0Et)2-4-C=CH 
(11) . 
/ = \ l-A )-Br Pd'VCu' — ( ^ ^ N O s ^ ^ M e a S i ^ 
(ii) ^SiMejPd'VCu' 
B r - ^ r ^ l Pd'VCu' 
9 94% 
-SiMej Pd"/Cu' 
MejSi 
NBu"4F 
Syntheses of 7-11. 
Scheme 3.3 
Syntheses of tetra(phenyleneethynylene)-containing compounds with two rings bearing 
solubilizing groups are summarized in Scheme 3.4. 4-Pr'3SiC=CC6H4C=CC6H2-2,5-
(0Et)2-4-C=CC6H2-2,5-(0Et)2-4-C=CC6H4-4-N02 (12) is available from reaction of 5 
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with 6 under Sonogashira conditions; 12 is desilylated by tetra-«-butylammonium 
fluoride to give 4-HCsCC6H4C=CC6H2-2,5-(OEt)2-4-C=CC6H2-2,5-(OEt)2-4-C=CC6H4-
4-NO2 (14) in quantitative yield. 14 is also accessible from a sequential Sonogashira 
coupling of 11 with 4-bromo-l-iodobenzene and then ethynyltrimethylsilane, affording 4-
Me3SiC=CC6H4C^CC6H2-2,5-(0Et)2-4-C=CC6H2-2,5-(0Et)2-4-C=CC6H4-4-N02 (13), 
and a subsequent desilylation. Syntheses of tetra(phenyleneethynylene)-containing 
compounds in which one ring bears solubilizing groups are summarized in Scheme 3.5. 
Sequential Sonogashira coupling of 11 with 4-bromo-l-iodobenzene and then 
ethynyltrimethylsilane gave 4-Me3SiC^CC6H4-1 -C^CC6H4-4-C^CC6H2-2,5-(OEt)2-4-
C=CC6H4-4-N02 (15) in a good yield, subsequent desilylation affording 4-
HC=CC6H4C^CC6H4-4-C^CC6H2-2,5-(0Et)2-4-C^CC6H4-4-N02(l 7). Alternatively, 5 
was coupled to 4-ICgH4C=CC6H4.4-C=CSiPr'3 to afford 4-Pr'3SiC^CC6H4-l-C^CC6H4-4-
C^CC6H2-2,5-(0Et)2-4-C^CC6H4-4-N02 (16) which was desilylated to give 17 in a better 
yield. The penta(phenyleneethynylene) 4-Pr'3SiC=CC6H4-l-C=CC6H4-4-C^CC6H2-2,5-
(0Et)2-4-C^CC6H2-2,5-(0Et)2-4-C^CC6H4-4-N02 (18) was obtained via Sonogashira 
coupling of 11 with 4-ICgH4C=CCgH4.4-C=CSiPr'3 in a fair yield (Scheme 3.6). 
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PdO 
Br - S i P r ' j 
(i) I — ^ ^ ^ B r P d " / C u i 
N O 2 ' O j N 
(ii) ^ S i M e a P d ' V C u ' 
S i M e s 
S y n t h e s e s o f 1 2 - 1 4 . 
S c h e m e 3 . 4 
0 , N 
(i) l - ( | ^ B r P d " / C u ' 
- N O 2 " O2N 
- d 11 
(ii) ^ S i M e j Pd'VCu' 
O2N 
NBu"4F 
SiPr-s O2N 
60% 16 
I ^ Q O SiPr-j 
Pd'VCul 
50% 17 
S i M e , 
S y n t h e s e s o f 15-17. 
S c h e m e 3 . 5 
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J" J" 
/ \ / == V i - ^ r o,N-< I \ I ^ v sipH; 
Synthesis of 18. 
Scheme 3.6 
The new alkynyl complexes 19-24 were prepared using estabHshed methodologies 
(Schemes 3.7 and and characterized by a combination of IR, 'H, ' 'C, and ' ' P 
N M R spectroscopies and mass spectrometry. The IR spectra contain characteristic 
v(C=C) bands at 2063-2074 cm ' for the metal-bound alkynyl group, with the higher 
values corresponding to complexes with the longer jr-bridges (22 - 24). The ^'P NMR 
spectrum of the dppe-containing complex 21 contains one singlet resonance at 49.8 ppm, 
confirming the /ra«5-disposed diphosphine ligands. The spectra of the dppm-containing 
complexes similarly contain a singlet; the ^'P resonance for the complex with ethoxy 
substituents on the ring adjacent to the metal center (19: -4.7 ppm) is somewhat 
downfield of those of other dppm-containing complexes (-5.5 ppm). Mass spectra contain 
molecular ions and/or f ragment ions corresponding to loss of chloro ligand. 
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1' 
[Ru] = (ranj-RuCI(dppe)2 ( 2 1 ) 
[Ru] = (rom-RuCl(dppin)2 ( 1 ' . 20, 22, 23) 
Syntheses of 19-23. 
Scheme 3.7 
23 58% 
r° r° 
(1) NaPF,MBu%F 
18 CHiCI, 
(ii)NEl, |Rul = /^of?j-RuCl{dppni)3 
Synthesis of 24. 
Scheme 3.8 
The identity of 19 was confirmed by a single-crystal X-ray diffraction study. Figure 3.1 
contains an O R T E P plot showing the molecular geometry, together with selected bond 
lengths and angles. Bond lengths and angles are similar to those of the structurally-
characterized analogues /ra«5-[Ru(C^C-4-C6H4C=CC6H4-4-X)Cl (dppm)2] (X = H,® 
N=NC6H4-4-N02'^), the only notable exception being C l l - R u l - C l 170.33(9)° (19) cf 
175.9(2)° (X = H), 175.1(17)° (X = N=NC6H4-4-N02), a distortion in 19 likely to derive 
f rom the need to minimize unfavorable steric interactions between the C4-ethoxy group 
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and the P-phenyl rings. The dihedral angle between the C3/C8 and C11/C16 phenyl 
planes in 19 (5.7(2)°) is much smaller than those in precedent structural studies (26.75° 
(X = H), 21.9° (X = N=NC6H4-4-N02), 33.9° (/ra«5-[Ru(C^C-4-C6H4C^C-4-
C6H4C=CPh)2(dmpe)2]®^)); because coplanar phenyl rings in extended Jt-systems enhance 
JT-delocalization, this structural difference is likely to favorably influence nonlinearity. 
Molecular geometry and atomic labeling scheme for /ran5-[Ru{4,4'-C=CC6H2[2,5-
(0Et)2]C=CC6H4N02}Cl(dppm)2] (19). Selected bond lengths and angles: Rul-Pl 
2.3291(8), Rul-P2 2.3362(8), Rul-P3 2.3613(8), Rul-P4 2.3504(8), Rul-Cll 2.5176(7), 
Rul-Cl 1.988(3), C1-C2 1.217(5), C2-C3 1.421(4) A; Pl-Rul-P2 71.76(3), P3-Rul-P4 
70.87(3), Cll-Rul-Cl 170.33(9), Rul-Cl-C2 177.2(3), C1-C2-C3 175.8(4)° (by M. 
Randies and T. Schwich). 
Figure 3.1 
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3.3.2. Electrochemical and Linear Optical Studies 
Electrochemical properties of ruthenium alkynyl complexes are of significant interest 
(see ref. 29 and references therein). The results of cyclic voltammetric studies of the new 
ruthenium alkynyl complexes 19-24 are collected in Table 1, together with data from 
related complexes 25-30. 
As with other ?ra«5-bis(bidentate diphosphine)ruthenium mono-alkynyl complexes, the 
cyclic voltammograms of the new complexes contain a reversible or quasi-reversible 
anodic wave assigned to the Ru""" oxidation process, in the range 0.50 - 0.56 V, and a 
less reversible cathodic wave assigned to the NO2'""' reduction process, in the range -0.86 
- -1.16 V. These data, together with those of the previously-reported complexes 25 - 30, 
permit comment on the effect of Jt-bridge lengthening and incorporation of solubilizing 
groups upon metal-centered oxidation potential. For the dppe-containing complexes, 
01igo(phenyleneethynylene)units increase (proceeding from 25 to 26 to 27 and finally 
21) leads to a progressive decrease in Ru""" oxidation potential, but this is not clear-cut 
because of the introduction of ethoxy groups at 21. The effect of these solubilizing 
substituents can in principle be deconvoluted by examination of the more extensive data 
available for the dppm-containing complexes. Thus, introduction of solubilizing 
substituents at the :rt-bridge phenyl ring adjacent to the metal (proceeding from 29 to 19) 
results in a significant increase in the ease of oxidation (A£^ox 0.07 V), whereas 
solubilizing group introduction more remote from the metal (proceeding from 30 to 20) 
and further increase in solubilizing groups (proceeding from 23 to 22) results in no 
change in oxidation potential; these results, which suggest electron density at the metal is 
particularly sensitive to adjacent ring modification, are consistent with those seen upon 
nitro group incorporation into such complexes (across the series 19 - 30, oxidation 
potential is significantly higher for complexes in which the nitro group is attached to the 
ring adjacent to the metal, namely 25 and 28). These results suggest that the effect of n-
bridge lengthening on ease of oxidation should only be assessed with complexes 
incorporating the same number of solubilizing groups. With this in mind, the present data 
suggest :ft-bridge lengthening (proceeding from 28 to 29 and then 30, from 20 to 23, and 
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trom 22 to 24) progressively increases the ease of oxidation until the 
tri(phenylerii > --
i,"after which the oxidation potential reaches a pLitcdu 
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Table 3.1. Cyclic Voltammetric Data for Complexes 19-30." 
c o m p l e x f ' ox ( V ) 
I'pc/'pa] 
R u " ' " ' 
f 'red ( V ) 
I'pc/'pa] 
R e f . 
r ra«5-|Ru(4-C^CC6H4N02)Cl (dppe)2| (25) 0 . 7 4 10.9] - 0 . 8 4 [0.8] 
6 
f r a «5-[Ru (4 , 4 ' -C^CC6H4C^CC ,H4N02 )C l ( dppe )2] (26 ) 0 . 6 0 [ 11 -0 . 94 [0.9[ This 
work 
r ran5-|Ru(4 ,4 ' ,4 "-C^CC6H4C=CC6H4C^CC6H4N02)C l (dppe)2| (27) 0 . 5 8 [11 -0 .91 [0.9] This 
work 
r ra« j-[Ru{4 ,4 ' ,4 " ,4 " '-C^CC6H4CsCC,H2|2 ,5-(0Et )2|C^CC,H2|2 ,5-(0Et )2|C=CC6H4N02}Cl (dppe)2] (21) 0 . 5 6 [0.9] -1 . 16 [0.9] This 
work 
f r a « j-[Ru (4-C=CC6H4N02 )C l ( dppm)2] (28) 0 . 7 2 [1] -0.81 [0.7[, 
6 
f ran . r-[Ru(4 ,4 '-C^CC6H4C^CC6H4N02)C l (dppm)2] (29) 0 . 5 7 [0.9] -0 . 90 [0.71 
6 
r r a n ^-|Ru{4 , 4 ' -C=CCeH , [2 , 5- (OE t ) 2|C^CC ,H4NO j }C I ( d ppm ) J ( 19 ) 0 . 5 0 [1| -0.91 [ 0 .9[ This 
work 
? rar t ^-[Ru(4 ,4 ' ,4 "-C^CC6H4C^CC6H4C=CC6H4N02)C l (dppm)2] (30) 0 . 5 4 [1| -0 . 86 [0.9] 
6 
r r f l « ^-[Ru{4 ,4 ' ,4 "-C-CC6H4C-CC6H2[2 ,5-(0Et )2 lC^CC6H4N02}Cl (dppm)2] (20) 0 . 5 4 [1] -0 . 86 [0.9[ This 
work 
r7-f l «5-[Ru{4 ,4 ' ,4 " ,4 ' "-CHCC,H4C-CC6H2[2 ,5-(0Et )2 jC^CC6H2[2 ,5-(0Et )2]C^CC,H4N02}Cl (dppm) j j (22) 0 . 5 5 [1] -0 .87 [0.9] This 
work 
f r a « j - [Ru{4 ,4 ' , 4 " , 4 " ' -C-CC< ,H4C-CC ,H4C^CC ,H2|2 ,5- (0E t )2|C^CC ,H4N02}C l ( dppm)2 j ( 23 ) 0 . 5 5 [1] -0 . 89 [0.9[ This 
work 
f ran .v-[Ru{4 ,4 ' ,4 " ,4 ' " ,4 " "-C^CC,H4C-CCeH4C-CC6Hj[2 ,5-(OEt )2 lC^CC,H2[2 ,5-
( O E t ) 2 | C ^ C C 6 H 4 N O J C l ( d p p m ) 2 ] (24) 
0 . 5 6 |0.9| -0 .90 [0.6[ This 
work 
" Conditions: CH2CI2; Pt wire auxiliary, Pt working, and Ag/AgCl reference electrodes; ferrocene/ferrocenium couple located at 0.56 V. 
Absorption maxima and intensities from electronic spectra are collected in Table 
3.2, and the evolution in optical spectra on systematic structural modification is 
illustrated in Figures 3.2-3.5. Incorporating solubilizing groups on the ring adjacent 
to the metal (proceeding from 29 to 19) results in a red-shift and decrease in 
intensity of the absorption bands (Figure 3.2), while introducing the solubilizing 
groups at a more remote ring (proceeding from 30 to 20) results in a decrease in 
intensity of the higher-energy bands (Figure 3.3); a further increase in number of 
solubilizing groups remote from the metal (proceeding from 23 to 22) results in a 
slight increase in intensity of bands, but again little shift in the location of the 
absorption maxima (Figure 3.4). Minimizing solubilizing substituents while Ji-
bridge lengthening, in proceeding from 28, through 29, 30, and 23, to 24 (Figure 
3.5), results in a distinct blue-shift from the mono(phenyleneethynylene) 28 to the 
tri(phenyleneethynylene) 30, with little further change in Vmax, but an increase in 
absorptivity, in proceeding to the penta(phenyleneethynylene) 24. Closer inspection 
of the spectra reveals that the next-higher-energy bands red-shift and gain in 
intensity on chain-lengthening, to eventually coalesce with the lowest-energy band 
for 23 and 24. 
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T a b l e 3 .2 . E x p e r i m e n t a l L i n e a r O p t i c a l , Q u a d r a t i c N o n l i n e a r O p t i c a l , " a n d T w o - P h o t o n A b s o r p t i o n ' ' R e s p o n s e P a r a m e t e r s 
c o m p l e x 
^max (nm) 
[E, i C M - ' c m ') 
Pl064 
esu) 
Po 
(10-^° esu)" 
Pl300 
(10-'° esu) 
Po 
(10="'esu)'' 
TPA Xmax (nm) 
|a2,max. G M ] 
R e f . 
r r a n 5 - [ R u ( 4 - C ^ C Q H 4 N 0 2 ) C I ( d p p e ) 2 | ( 2 5 ) 4 7 7 [2.0] 5 6 2 88 This work 
r r a n 5 - [ R u ( 4 , 4 ' - C ^ C Q H 4 C ^ C Q H 4 N 0 2 ) C I ( d p p e ) 2 l ( 2 6 ) 4 6 8 11.8] 1240 ± 110 2 2 5 ± 2 0 6 4 ± 3 2 7 ± 1 This work 
4 2 9 [2.3] 1327 ± 110 3 8 8 ± 3 2 4 2 ± 2 21 ± 1 This work 
C I ( d p p e ) J ( 2 7 ) 
/ r a « 5 - | R u { 4 , 4 ' , 4 " , 4 " ' - C = C Q H 4 C ^ C Q H 2 l 2 , 5 - 4 2 6 [4.31 5 1 5 ± 5 0 160 ± 15 This work 
( O E t ) J C ^ C Q H J 2 , 5 - ( O E t ) J C - C Q H 4 N O J C I ( d p p e ) J 
( 2 1 ) 
trans-[ R u ( 4 - C = C Q H 4 N 0 2 ) C I ( d p p m ) ^ ] ( 2 8 ) 4 7 3 [1.8] 7 6 7 129 
4 0 ± 6 I 6 ± 3 
8 
This work 
/ r a « 5 - | R u ( 4 , 4 ' - C = C Q H 4 C ^ C Q H 4 N 0 2 ) C l ( d p p m ) 2 ] ( 2 9 ) 4 6 4 [1.4] 8 3 3 161 
7 8 ± 4 33 ± 2 
8 9 0 [567] 
6 
This work 
/ r a « 5 - f R u { 4 , 4 ' - C ^ C Q H 2 ( 2 , 5 - ( 0 E t ) 2 ] C = C Q H 4 N 0 2 } 5 1 0 [1.8| 5 7 0 ± 9 0 4 0 ± 6 9 0 ± 10 This work 
C I ( d p p m ) J ( 1 9 ) 
trans-[ R u ( 4 , 4 ' , 4 " - C = C Q H 4 C ^ C Q H 4 C ^ C C 6 H 4 N 0 2 ) 4 3 9 [2.0] 1 3 7 9 3 6 5 6 
C I ( d p p m ) J ( 3 0 ) 
? r a n 5 - [ R u { 4 , 4 ' , 4 " - C ^ C C , H 4 C ^ C C , H 2 | 2 , 5 - ( O E t ) 2 ] 4 5 9 [2.5] 9 1 6 ± 153 4 0 0 ± 7 0 7 2 ± 12 15 ± 3 8 9 0 111601 
This work 
C ^ C C g H ^ N O J C K d p p m ) ^ ( 2 0 ) 
r r a n 5 - l R u { 4 , 4 ' , 4 " , 4 " ' - C ^ C C , H 4 C ^ C C 6 H 2 [ 2 , 5 - ( O E t ) 2 l 4 2 4 [3 .9| 6 7 8 ± 139 2 0 8 ± 4 2 6 9 ± 5 6 2 ± 5 
This work 
C = C C 6 H 2 [ 2 , 5 - ( 0 E t ) 2 ] C = C C 6 H 4 N 0 2 } C K d p p m ) ^ ! ( 2 2 ) 
r r a n 5 - | R u { 4 , 4 ' , 4 " , 4 " ' - C ^ C C 6 H 4 C = C C 6 H 4 C ^ C C , H 2 l 2 , 5 - 411 |4.9| 6 3 2 ± 1 0 3 2 1 7 ± 3 5 108 ± 5 9 7 ± 5 8 4 0 [780] This work 
( 0 E t ) 2 ] C = C C 6 H 4 N 0 2 } C l ( d p p m ) 2 l ( 2 3 ) 
r r a n 5 - [ R u { 4 , 4 ' , 4 " , 4 " ' , 4 " " - C = C C , H 4 C = C C , H 4 C ^ C 4 2 3 |5.6] 5 8 0 ± 2 0 185 ± 10 8 4 0 [8531 This work 
C e , H J 2 , 5 - ( O E t ) J C - C C , H J 2 , 5 - ( O E t ) 2 ] C - C 
C , H 4 N O J C I ( d p p m ) J ( 2 4 ) 
" C o n d i t i o n s : m e a s u r e m e n t s w e r e ca r r i ed o u t in T H F ; a l l c o m p l e x e s are o p t i c a l l y t r anspa ren t at 1 064 a n d 1300 n m . D a t a are ± 1 0 % un l e s s 
s p e c i f i e d o t h e r w i s e . * C o n d i t i o n s : m e a s u r e m e n t s we re ca r r i ed o u t in CH2CI2 . ^ C o r r e c t e d f o r r e sonance e n h a n c e m e n t at 5 3 2 n m u s i n g t he two- l eve l 
m o d e l w i t h Pq = p[ l-(2X„^/1064)^][ l-(>S„ax/1064)^]- ' ' C o r r e c t e d f o r r e s on an ce e n h a n c e m e n t at 6 5 0 n m u s i n g the two- leve l m o d e l w i t h po = P [ l -
3.3.3. Theoretical studies 
Our time-dependent density functional theory (TD-DFT) calculations on the four model 
compounds [Ru](C2C6H4),C2C6H4N02 (/ = 1 ^ ) delivered, for each model, the fifty 
lowest-energy symmetry-allowed single-photon transitions. Of this number, only a 
handful of calculated transitions for each model (all such transitions being of A\ 
symmetry for the C2v-constrained models) have expectation values / greater than about 
0.3 atomic units (see Table 3.3). 
Orbital characteristics for models 19M, 20M, 23M and 24M show considerable 
common features, as is to be expected from their structural similarity. The HOMO in 
each case (""^^'52) is dominated by acetylenic character concentrated on the C2 unit 
immediately adjacent to Ru, while the LUMO C^^^'Bi) is characterized by C = N bonding 
of the terminal phenylene to the nitro group. The next few lower-lying 52-symmetry 
occupied orbitals show acetylenic character at progressively greater separation from Ru at 
increasing remove from the 'frontier', while the next few higher-lying S2-symmetry 
virtual orbitals are cumulenic in character, associated with C2 units that are closer to the 
Ru as the orbital energy increases above the LUMO. 
Perhaps because the spatial separation of domains for the HOMO and LUMO becomes 
more exaggerated as chain length i is increased, the LUMO<-HOMO excitation 
becomes progressively less important with increasing i, with the calculated / value for 
this transition decreasing monotonically at both the PBE/TZP and LB94/TZP levels of 
theory. Instead, there is a marked tendency towards the strongest transitions being those 
where there is a close spatial correspondence between the occupied and virtual domains. 
18 
Table 3.3. Computed significantly-allowed single-photon transitions (those with oscillator strengths exceeding / = 0.3 a.u) for 
[ R U K Q Q H J A Q H ^ N O ^ (/ = 1-4), obtained through PBE/TZP and LB94/TZP/ /PBE/TZP calculations. 
PBE/TZP LB94/TZP 
Model C o m p l e x " Symm 
b 
n' EltM" / / a . u . ^ Occ.^ Virt.^ Wt%« n' E / e V f/a.u.' OccJ WxxJ Wt%« 
19M A, 1 1.533 0.43 94 1 1.167 0.35 92 
A, 3 2.810 0.81 74 3 2.441 0.67 44 
20M A, 1 1.112 0.33 97 1 0.749 0.30 96 
A, 3 2.162 0.83 88 3 1.870 0.78 65 
A, 5 2.975 1.01 42 5 2.527 0.34 65 
A, 7 2.801 0.70 70 
A, 10 3.206 0.36 49 
23M A, 3 1.755 0.69 93 3 1.507 0.62 84 
A, 6 2.568 0.46 47 5 2.086 0.34 75 
A, 5 2.495 0.84 75 6 2.244 0.20 79 
A, 7 2.657 0.48 56 7 2.326 0.84 73 
A, 8 2.947 0.52 57 9 2.695 0.76 53 
2 4 M 3 1.514 0 .32 95 2 1.034 0 .13 9 6 
2 1.490 0 .49 95 3 1.264 0.41 9 4 
4 1.942 0 .38 82 4 1.393 0 .10 85 
6 2 .282 0 .74 20 D 6 4 5 1.764 0 .28 7 9 
5 2 .112 0 .48 84 6 1.876 0 .38 89 
7 2 .346 0 .76 66 7 2 .064 0 .88 80 
8 2 .620 0 .98 4 4 9 2 .374 0 .90 4 2 
A, 10 2 .797 0 .15 19 12 2 .620 1.01 5 6 
Notes : 
" Nota t ion used f o r calculat ion on model c o m p o u n d s is consis tent with that indicated in the main text. 
'' S y m m e t r y c lass i f icat ion of the ident if ied transit ion. 
" Energy ranking of the ident if ied transit ion within the indicated symmet ry classif icat ion. 
'' Ca lcu la ted transi t ion energy in e lect ronvol ts , at the indicated level of theory. 
^ Ca lcu la ted t ransi t ion osci l lator strength, in a tomic units, at the indicated level of theory. 
^ Pr incipal pair of occupied and virtual orbi tals involved in the identif ied transit ion. 
^ Pe rcen tage contr ibut ion of principal-orbi tal character to the calculated transit ion, at the indicated level of theory. 
Analysis of the TD-DFT results is hampered by inconsistencies between the intensities 
calculated at the PBE/TZP level of theory and those obtained at the LB94/TZP level. For 
example, for 24M (see Figure 3.6) the most intense transitions at the PBE/TZP level of 
theory are / = 0.74 a.u.; / = 0.76 a.u.; and 
a.u. For the same compound according to LB94/TZP, the latter two 
transitions (here ''A] and ^Ai) are again calculated to be intense, wi th /va lues of 0.88 and 
0.90, very close to the PBE/TZP results. However, the transition involving ^^Bj^^^Bi 
character, here has a much lower intensity if = 0.28), while the most intense 
transition according to LB94/TZP, / = 1.01 a.u., has only a weak 
counterpart if = 0.15) in the PBE/TZP calculations. While the two TD-DFT methods 
employed yield somewhat inconsistent results for the identities of the most intense single-
photon transitions, it remains notable that the most intense transitions consistently display 
strong domain-region overlap between the identified occupied and virtual orbitals. An 
apparent consequence of the increasing importance of this effect with increasing chain 
length is that the frequencies of the most intense transitions do not decrease as rapidly as 
does the HOMO/LUMO energy separation. Indeed, as the crucial orbitals are displaced 
progressively more from the frontier, it may well appear that the important transitions 
become blue-shifted on chain lengthening. 
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An energy-level diagram (obtained at the PBE/TZP level of theory) and orbital diagram 
for calculated intense single-photon transitions of the model compound 24M. Transition 
term values are shown for the PBE/TZP and LB94/TZP levels of theory, respectively; a 
term value in parentheses indicates that the transition in question is not notably intense (f 
< 0.3 a.u.) at the indicated level of theory. A common feature of these intense transitions 
is the generally close spatial correspondence between the electronic domains of the 
relevant occupied (solid line) and virtual (dotted line) orbitals. All of the transitions 
identified as intense have excitation energies, at the PBE/TZP level of theory, of 2.0 eV 
( - 1 6 000 cm ') or higher. In contrast, the H O M O - L U M O gap is much less, only 0.73 eV 
( - 6 000 cm ') but does not feature significant overlap between occupied and virtual 
domains, and is calculated to contribute only weakly ( / - O.I a.u.) to the single-photon 
excitation spectrum of 24M. 
Figure 3.6 
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3.3.4. Quadratic Nonlinear Optical Studies 
The quadratic nonlinearities of 19-24 have been determined at 1064 run; these results, 
together with previously reported measurements for the related complexes 25-30, are 
presented in Table 3.2 (Page 118). The major focus of the present study is to assess the 
impact of Jt-bridge lengthening upon optical properties. For the dppe-containing 
complexes, Jt-bridge lengthening, in proceeding from 25 to 26, 27, and finally 21, resuhs 
in nonlinearity peaking at the tri(phenyleneethynylene)-containing complex 27, but there 
is insufficient data to deconvolute the influence of the ethoxy substituents introduced into 
21 to ensure sufficient solubility. We have a more extensive set of dppm-containing 
complexes that permit further comment. Introduction of solubilizing groups (proceeding 
from 29 to 19, or 30 to 20) results in a ca 30% reduction in f3io64, while further increasing 
the ethoxy content (proceeding from 23 to 22) results in no further change, within the 
error margins. There are sufficient data to offer a comment on the effect on (3 of Jt-bridge 
lengthening; proceeding from 28 to 29, and then 30 (no ethoxy substituents), 20 to 23 
(two ethoxy substituents), and 22 to 24 (four ethoxy substituents) suggests that (3 peaks at 
the tri(phenyleneethynylene) stage, after which a saturation effect is apparent. 
Table 3.2 also contains a more limited set of data at 1300 nm, and two-level-corrected 
values for the two wavelengths. The results for the former are in contrast to those at 1064 
nm. Introducing solubilizing substituents, in proceeding from 29 to 19, results in an 
increase in nonlinearity, while a further increase in ethoxy content (proceeding from 23 to 
22) results in a decrease in (3 value. The jr-bridge lengthening does not result in a 
saturation point being reached, increasing on proceeding from 28 to 29 (no ethoxy 
substituents) and 20 to 23 (two ethoxy groups). Two-level corrected data should be 
viewed with extreme caution; while the trends are broadly similar to those for the 
corresponding (3^  values, the shortcomings of the model have been discussed extensively 
elsewhere (see ref. 29 and refs therein). 
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3.3.5. Cubic Nonlinear Optical Studies 
The cubic NLO properties of selected complexes were assessed over a wide spectral 
range (Figure 3.7), the specific complexes (20, 23, 24, 28, 29) being chosen to ensure 
sufficient solubility for the Z-scan studies. Figure 3.7 contains the hyperpolarizabiliy 
values plotted against twice the measurement wavenumber, to facilitate comparison with 
the linear optical spectrum included in the Figure. The studies were undertaken in 
essentially transparent regions of the UV-vis-NIR spectra (from 6700 cm"' to the onset of 
one-photon absorption). A few data were collected with moderate linear absorption, and 
these consequently have large error factors. 
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C o m p a r i s o n o f t h e d i s p e r s i o n o f t h e c o m p l e x h y p e r p o i a r i z a b i l i t y o f ( a ) ? r a n 5 - [ R u ( 4 -
C = C Q H 4 N 0 2 ) C l ( d p p m ) J ( 2 8 ) , ( b ) / r a n 5 - [ R u ( 4 , 4 ' - C = C Q H 4 C ^ C Q H 4 N 0 2 ) C l 
( d p p m ) 2 l ( 2 9 ) , ( c ) r r a n 5 - ( R u { 4 , 4 ' , 4 " - C ^ C Q H 4 C ^ C Q H 2 ( 2 , 5 - ( 0 E t ) J C = C Q H 4 N 0 2 } 
C l ( d p p m ) 2 l ( 2 0 ) , ( d ) f r a n 5 - [ R u { 4 , 4 ' , 4 " , 4 " ' - C ^ C Q H 4 C = C Q H 4 C ^ C Q H J 2 , 5 - ( O E t ) 2 ] 
C = C Q H 4 N 0 2 } C i ( d p p m ) 2 ] ( 2 3 ) , a n d ( e ) ? r a n 5 - | R u { 4 , 4 ' , 4 " , 4 " ' , 4 " " - C ^ C Q H 4 C ^ C 
Q H 4 C = C Q H 2 l 2 , 5 - ( O E t ) 2 l C 3 C Q H 2 l 2 , 5 - ( O E t ) 2 ] C H C Q H 4 N 0 2 } C l ( d p p m ) 2 ] ( 2 4 ) , w i t h t h e 
o n e - p h o t o n a b s o r p t i o n s p e c t r a o f t h e c o m p o u n d s ( r e a l c o m p o n e n t : s o l i d s q u a r e s ; 
i m a g i n a r y c o m p o n e n t : o p e n t r i a n g l e s ) . N o t e t h a t t h e h y p e r p o i a r i z a b i l i t y v a l u e s w e r e 
p l o t t e d a g a i n s t t w i c e t h e m e a s u r e m e n t w a v e n u m b e r . T h i s p e r m i t s c o m p a r i s o n o f t w o -
p h o t o n a b s o r p t i o n ( r e p r e s e n t e d h e r e a s t h e i m a g i n a r y p a r t o f t h e h y p e r p o i a r i z a b i l i t y ) w i t h 
o n e - p h o t o n a b s o r p t i o n t o t h e s a m e f i n a l s t a t e . 
F i g u r e 3 . 7 
1 2 6 
With reference to the resuhs depicted in Figure 3.7, there is generally an approximate 
correspondence between the one-photon absorption bands and the main two-photon 
absorption band. The low-energy nonlinear absorption band shown in Figure 3.7 in the 
range ca 12000-18000 cm"', and appearing for laser wavelengths of ca 1100-1500 nm, 
seems to have a multiphoton character with possible strong contributions from three-
photon absorption. 
Figure 3.8 shows the absorptive part of the cubic nonlinearity of the five compounds 
replotted as the (effective) two-photon cross-section vs wavelength of the incident laser 
beam, with relevant data being collected in Table 3.2. A rapid increase of the maximal 
value of the two-photon cross-section in proceeding from 28, through 29 to 20 (at -900 
nm for all the compounds) is followed by stabilization of the value in proceeding to the 
longer Jt-bridge compounds 23 and 24. We interpret this in a similar way to the one-
photon spectra and the first hyperpolarizability of these compounds. While differences in 
the properties of the compounds may be caused by various factors, including the presence 
of a varying number of solubilizing groups, it is likely that for dipolar complexes as in the 
present study, the strengths of the one-photon absorption transition, and the magnitude of 
the first and the second hyperpolarizabilities, will all depend significantly on the charge-
transfer character of the compounds, and thus may show similar trends on modifying the 
bridge connecting the donor and acceptor termini of the molecules. 
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Figure 3.8 
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3.4. Conclusion 
The :nc-bridge length-dependent evolution of optical properties in organic oligomers has 
been of considerable interest." Poly(phenyleneethynylene)s (PPEs) have potential as 
photoluminescence materials or as fluorescent chemosensors, and monodisperse 
examples of a wide range of lengths have been p r e p a r e d , f o r which linear optical 
absorbance and emission properties saturate somewhere between the 4-mer and 8-mer. 
Saturation of linear and nonlinear optical properties in ir-delocalizable organic oligomers 
has also been the subject of theoretical interest.^^ 
The present studies have defined the saturation length of OPEs end-functionalized by 
ligated metal and nitro group (donor-bridge-acceptor arylalkynylruthenium complexes), 
for which metal-centered oxidation potential, linear optical absorption maximum, 
quadratic optical nonlinearity assessed by HRS at 1064 nm, and two-photon-absorption 
cross-section assessed by Z-scan, all plateau at the tri(phenyleneethynylene) complex, 
thereby providing the specific bridge-length requirement for the most efficient optical 
materials with this metal-containing donor group, and providing an interesting contrast of 
saturation length with related, purely organic, compounds. 
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